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PREFACE 


1. It is now the privilege of, the authors to present to stu- 
dents of fire prevention and protection the Seventh Edition 
of the Crosby-Fiske-Forster Handbook of Fire Protection. 
The preceding editions, beginning with the first book in 
1896, have aimed to provide in reliable, compact form all that 
the passage of time has crystallized into good practice. The 
Sixth Edition met with unprecedented success; distribution 
exceeded that of any fire protection handbook published in the 
English language. The Seventh Edition marks another step 
forward, not only in additional and improved text, but also 
in illustrating, cross-referencing, and indexing. 

2. The book continues to serve as a basis of education for 
beginners in the fields of fire prevention and protection, as 
the constant companion of experienced men specializing in 
these fields, and as a reference work for those who occasion- 
ally desire specific facts of this character. 

3. As in previous editions, the authors desire to express 
appreciation of the constructive criticism received from many 
sources and of generously having had a mass of material 
made available to them for analysis in the preparation of 


the new book. 
THe AUTHORS 
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CHAPTER 1 


FUNDAMENTAL PRINCIPLES OF FIRE 
PROTECTION 


1. The readers of this book are unquestionably familiar, 
in a general way, with the tremendous fire waste of this 
country It is a waste made up of the destruction and dam- 
age of property by fire, water, and smoke, of the cost of 
public and private fire protection, of the conduct of the in- 
surance business, and of law making, inspection, and allied 
costs which states and cities incur. For the years I1916- 
1920 inclusive, the loss to property upon which insurance: was 
carried averaged $267,600,000. Making an allowance for unin- 
sured losses and adding the costs other than direct property 
damage, produces an average annual fire cost fully as much 
as $500,000,000, a per capita cost of about $5. The life loss 
through fire is variously estimated at from 10,000 to 15,000 
per year. See page 30 for table of causes of loss. 

2. Something like 350,000 fires are reported per year, most 
of which are due to carelessness or ignorance. All were 
small at the start and therefore subject to control, and prac- 
tically all by proper building construction and arrangement 
and by adequate protection could have been prevented from 
causing appreciable damage. 

3. The far better fire records of the leading European na- 
tions show what can be done on a large scale to prevent fire 
outbreak, its serious spread, and to minimize the jeopardy 
of life. Practically perfect fire records of hundreds of Amer- 
ican industrial plants over long periods of years show what 
can be done in this country by intelligent construction, pro- 
tection, and care. Many plants are now paying insurance 
premiums in the vicinity of 1oc per $100 of insurance per 
year. Underwriters consider a 50% loss ratio satisfactory. 
There has therefore on such plants been available on the aver- 
age 5c per year for losses against a $100 risk; or, putting it 
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another way, the underwriters are wagering 2000 to I against 
a total loss in any one year. As a matter of fact, the actual 
fire loss in the best manufacturing plants and mercantile 
properties is running from 2 to 3c per $100 per year. 

4, There are three principal reasons for improving plants 
from a fire prevention and fire protection standpoint, the first, 
safeguarding life, the second, safeguarding business against 
interruption by fire, the third, insurance cost reduction. 
Safeguarding property generally cuts insurance costs, but the 
organization or individual desiring the maximum in the way 
of life and property safety, generally goes far beyond the 
minimum requirements of the Underwriters. For example, 
the provision of fire doors fairly well maintained may entitle 
a plant to an insurance credit, but attention to every detail 
that makes for maximum fire door efficiency involves perhaps 
twenty points that no rating schedule covers. Again, while 
an insurance charge may be made when the order and cleanli- 
ness of a property are distinctly poor, no financial induce- 
ment is, as a rule, made to a property owner to exercise su- 
perlative care along these lines. 

5. The best managed properties are those where every 
practical precaution is taken to avoid fire for the primary 
purpose of safeguarding life and preventing interruption of 
business by fire, and where advantage is taken, in connection 
with any improvement, of the lowest available insurance rate 
consistent with sound underwriting. 

6. The fire prevention and fire protection problem resolves 
itself into preventing the outbreak of fire, preventing the 
serious spread of fire, and providing for the prompt detecting 
and extinguishing of fire. If complete fire prevention were 
possible, there would be no need of attention to the other 
two parts of the problem. If the construction of the build- 
ings could be such that no fire could spread beyond a small 
area, fire prevention and fire extinguishing would be of mini- 
mum importance, If absolute control of every fire that 
broke out were possible, preventing outbreak and spread of 
fire could be dropped from consideration. While one or 
more of these conditions is approached in modern plants, 
proper attention to the fire safety problem always warrants 
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a consideration of all phases of the problem, and usually ac- 
tion along all lines. To know how to secure, with the least 
effort, expense, and interference with business, the greatest 
practical measure of safety and financial return frequently 
requires wide knowledge of past experience and nice judg- 
ment in the case in question. 

7. In considering the advisability of any fire protection im- 
provement, the wisdom of the step may be tested by asking 
one’s self the following questions: 


._ a—Does the fire risk justify any cost over and above that 
- on which an acceptable return is secured through re- 
duced insurance premium? Sometimes money is lit- 
erally no object where certain hazards must be elimi- 
nated, but generally the same point of view that 
makes for successful management in other directions 
is essential in successfully furthering fire protection. 
b—lIs it the best fire protection improvement costing about the 
same amount of money? Will any permanent inter- 
ruption of, or inconvenience to, or increased cost of, 
operations result? Occasionally improvements must 
interfere with operations, but almost always this can 
be avoided. The measure of capacity of a fire pro- 
tection engineer may almost be said to be his ability 

to work with the operating force. 
c—Does what is proposed fit into the ultimate plant de- 
velopment so far as it can be anticipated? Proceed- 
ing without foresight is as inadvisable in fire protec- 

tion as in any other activity. 


8. It is essential that cognizance be taken of fire risk to 
records of every character, and to drawings, dies, patterns, 
and similar property, frequently of great value and often in- 
capable of replacement in part at least. Such values often 
greatly exceed those of the buildings in which located, and 
some of these values are seldom insured, making prevention 
of fire all the more necessary. 

9. The modern tendency is to have plants appraised with a 


high degree of accuracy and to keep such appraisals up to 


date. From a fire protection standpoint a knowledge otf 
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values is important in order to prove the need of safeguarding 
and to determine the degree to which improvements are war- 
ranted. For proper placing of insurance and for prompt 
loss adjustment a reliable appraisal is invaluable. 

10, The executive responsible for the plant safety and out- 
put, and the fire protection engineer, whether connected with 
the plant or coming in from the outside, must have in mind 
the fundamental principles of fire protection in order to se- 
cure the best results in the long run. 


CHAPTER 2 
FIRE PROTECTION AN ENGINEERING SCIENCE 


1. The work of the National Fire Protection Association, 
National Board of Fire Underwriters, Underwriters’ Labora- 
tories, Bureau of Standards, and other agencies, has produced 
excellent standards bearing on construction, control of haz- 
ards, and protection. They are available for the asking, and 
at first glance it might seem that there was little need of the 
application of specific engineering skill to problems of this 
character. The reverse, however, is the case, especially in 
connection with new construction, and, where structural 
alterations are being undertaken or expensive equipment in- 
stalled, it is wise to have a trained fire protection engineer 
review the plans and specifications. This was never so well 
illustrated as during the late war, when the United States 
Government, both at home and abroad, marshalled the finest 
fire protection brain power in the cause of non-interruption 
of program and prevention of loss of property. Truly re- 
markable results were secured under exceedingly difficult 
conditions. : 

2. Illustrations of the types of problems that require ma- 
ture fire protection engineering judgment are set forth in the 
following paragraphs: 


a—Future growth of property. The future growth of a 
prosperous American plant is a foregone conclusion, 
and many of the chief fire weaknesses existing to-day 
in important plants are due to a lack of foresight 
from a fire protection standpoint. The feeling that 
construction would be temporary in particular has 
resulted in serious exposures to important buildings 
and combustible connections between better built 
structures. The fire protection engineer often must 
literally force a consideration of the probable growth 
of the plant as regards area, building heights, and 
even manufacturing processes. 
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b—Protecting structural steel. To protect the steel in a 
contemplated building may cost as much or more 
than to install automatic sprinklers. If the contents 
are to be combustible, the exposed steel construction 
with sprinklers will produce greater safety and a 
lower fire insurance rate than an unsprinklered 
building with protected steel. If the structure is im- 
portant, especially if high, both forms of protection 
are, of course, advisable, but if only sufficient funds 
are available for one step, unprotected steel and 
sprinklers would be better. However, if there is a 
likelihood that money enoug’ for the additional step 
will be available later on, the fireproofiing should go 
in at the outset, because this cannot be readily added 
later, whereas sprinklers can be installed in any type 
of building without appreciable difficulty or incon- 
venience, 

c—Reducing areas. When existing admittedly unsatisfac- 
factory conditions are to be corrected, interesting 
problems often present themselves, as in the case of 
a large area, combustible building which was to be 
subdivided.’ The first thought was to put in several 
heavy, expensive fire walls, but in discussing future 
construction plans it developed that it would be 
feasible to break up the large area by two sections of 
fire resistive construction which would fit into the 
ultimate reconstruction plans. 

d—Special hazards. The well-established rule that auto- 
matic sprinklers cover a multitude of sins, and make 
virtually any form of construction safe, does not hold 
where corrosion may render the heads ineffective or 
fire in inflammable liquids be difficult or incapable of 
control by sprinklers. Cutting off certain sections, 
incombustible construction, and use of small fire 
areas if wooden roofs are to be employed, are among 
the logical answers to this prob!em. 

e—Water supplies. Water supplies, especially distributing 
mains, are commonly outgrown, and a policy of 
never laying less than 8” mains, and occasionally 
even larger trunk lines, has provided better protec- 
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tion and prevented costly and inconvenient replace- 
ment of piping. The difference in cost between a 
6” and an 8” pipe is ordinarily about 75c per ft. laid. 
At 8% interest, depreciation, and repairs,. this repre- 
sents about 6c per ft. per year, or $60 per year for a 
1,000-ft. installation. The friction loss in 8 pipe is 
one quarter that in 6” pipe,.a very important fire pro- 
tection factor. 

it—Outside hose vs. sprinklers. In another case, a plant 
with a moderate inherent fire hazard suffered serious 
external exposure. The question was whether the 
limited funds available should be put into an outside 
protective system, that is, water supply, hydrants, 
and hose, or be used for installing automatic sprink- 
lers. After balancing all factors, it was decided to 
install the water supply and hydrant system arranged 
to permit the addition of sprinklers later on without 
any cost greater than the removal of plugs in tees 
conveniently left for future sprinkler work. 

BW atchman vs. sprinklers. Problems that involve the 
balancing of the advantages and disadvantages of 
alternative procedures are not uncommon. Many 
smaller plants, in particular, have had to decide 
whether it was advisable to continue a watchman at™ 
perhaps $900 per year salary or to install automatic 
sprinklers with central station supervision, and to 
dispense with the watchman. ,The cost of a $6000 
sprinkler installation, figuring interest, depreciation, 
and upkeep at 15%, would equal the watchman’s sal- 
ary. The fire protection value of the sprinklers 
would, of course, be far superior, but the theft pro- 
tection feature of the watchman would have tobe 
sacrificed. 


3. The purpose of this chapter is to point out that a high 
order of technical knowledge and good engineering and busi- 
ness judgment may be required to handle important fire pro- 
tection problems. When technical skill and sound judgment 
are applied to fire protection problems, the management of 
the average plant welcomes advice along these lines. 


CHAPTER 3 


RELATION OF ACCIDENT PREVENTION TO FIRE 
PREVENTION 


1. Practically every fire is an accident, and many accidents 
are fires. Both are largely preventable, and frequently by 
the same methods. Engineers specializing in either subject 
must have at least a fundamental krowledge of the other, 
particularly since industrial plants commonly put both forms 
of preventive activity under the same man or department. 

2. The direct cost in the United States of fires has been 

placed at fully $500,000,000 annually. The annual cost of ac- 
cidents in which persons are injured or killed has been placed 
at $1,000,000,000, and of all accidents at between four and. five 
billion dollars. The combined drain on lives and resources 
is enormous. The fire prevention conservation movement is 
decades old; the accident prevention one much younger, but 
its growth has been so rapid that the two subjects may be 
said to have equal importance in the eyes of the public and 
particularly in those of the employers to whom the financial 
burden of needless fires and accidents is more evident than 
to the ordinary citizen. 
_ 3. The purpose of this chapter is to point out the need and 
the advantages of taking into account the relation of accident 
prevention to fire prevention in plant construction, equip- 
ment, operation, and maintenance. 


GENERAL PRINCIPLES. 


4, Before taking up details, the following general principles 
may be stated: 


a—No fire prevention or protection measures should intro- 
duce any avoidable life risks. For example, drilling 
a fire brigade in a littered up yard and with poor il- 
lumination is dangerous and inadvisable, but it is 
recognized that even under the best physical condi- 
tions such a drill has inherent }avards which must be 
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incurred if the larger measure of plant safety is to be 
secured. 

b—No fire prevention or protection measures should be 
taken without considering if some collateral accident 
prevention advantage cannot be obtained. For ex- 
ample, if better access to a sprinkler tank is to be 
provided, it may be feasible to carry a stair to the 
roof of a building nearby, securing to this roof 
needed access, and then continue the stairs or a lad- 
der up the tank from that point. 

c—No accident prevention step should be considered with- 
out attempting to secure a fire prevention benefit. 
For example segregating a hazardous department or 
process to minimize exposure of persons to explo- 
sions, flash fires, or fumes gives an opportunity to 
reduce fire risk. Also, provision of fire walls and 
enclosed stairs to facilitate exit, if properly done, 
decreases property risk. 

d—Nothing that has value from both standpoints should 
be undertaken without having the design meet the 
best accident prevention engineering practice. For 
example, if a steam valve must be made readily ac- 
cessible for operation in case of fire, the stair or 
ladder to it and the platform at the valve should 
accord with state and insurance accident prevention 
standards, and, occasionally, in the interest of the 
maximum practical safety, go even further than these 
requirements. f 


5. In the following sections appear specific examples of the 
relation of accident prevention to fire prevention: 


ELECTRICITY. 

6. The National Electric Safety Code, prepared by the Bu- 
reau of Standards, will unquestionably be adopted extensively 
by the States, and, since the principles of the Code meet with 
the approval of practically all interests, it should be studied 
and applied to electrical installations, especially new ones, 
from this time forward. The Safety Code and the National 
Electric (Fire) Code do not conflict, but rather supplement 


10 Handbook of Fire Protection 


each other. Ample clearances where tensions are high, pro- 
tection of exposed parts, general grounding of frames and 
cases of apparatus, and similar sound safety principles are es- 
sential features of the Code. 

7. Link fuses are more of an accident than a fire hazard. 
Many men have been injured by bringing tools or other con- 
ductors across exposed link fuses’ or their terminals. Pro- 
tection for many bare connections, fuses, switches, starting 
boxes, etc., is warranted from a safety standpoint. 

8. Defective extension cords and lights have been respon- 
sible for a considerable number of deaths from electric 
shock, especially where portions of the man’s body were 
grounded as in boilers or in wet places. 

9. Definite grounding of all conduits and apparatus, even 
if of low voltage, is needed since the records indicate that 
many lives have been lost on voltages as low as II0. 

10. Static electricity, a common cause of ignition of dust 
and vapors, by giving an unexpected shock, may cause seri- 
ous falls. 

11. High tension crosses, or lightning coming in over sig- 
nalling system circuits not protected in the customary man- 
ner, carry with them serious accident possibilities. 


FLASH FIRES AND EXPLOSIONS. 


12. Flash fires igniting clothing are common causes of loss 
of, life. In the few cases in which lives have been lost in 
sprinklered buildings, flash fires were generally the cause. 
The Newark Factory disaster of 1910, in which 25 lives were 
lost in a 3-story building, was due to the flashing of benzine. 
This building was not, however, sprinklered. 

13. Dust explosions are a prolific cause of loss of life and 
property. A fire or a spark ignites the dust. 

14. Japan oven explosions are not uncommon. One in 
New York in r9r3 resulted in the loss of 8 lives and of much 
property. 


HOUSEKEEP1NG. : 


15. Good housekeeping stands first both as a fire and ac- 
cident prevention measure, Whereas incombustible refuse 
has little bearing on fire cause it has a great one on accident 
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prevention and to secure both ends immaculate housekeep- 
ing conditions are imperative. “A place for everything and 
everything in its place” is an effective safety slogan. ; 

16. Material which can fall from sprinkler tanks, roofs, ele- 
vated walkways, and other high places is particularly to be 
feared. Conditions at night and at the end of winter days 
must be taken into account as regards ordinary activities, 
and particularly those of the fire brigade. 


PARAPETS ON WALLS. > Eh 


17, Falls from toofs are not infrequent. Window clean- 
ing, roof repairs, snow removal, and other causes take men 
to roofs. Roofs approximately flat can advantageously have 
a 3-ft. (minimum at any point) parapet on all outside walls. 
The fact that overhanging combustible roofs are a fire men- 
ace and that roof drains inside of building walls give less 
trouble in winter are arguments in favor of this form of 
construction. 


FIRE DOORS. 


18. The inherent life hazard of permitting doors to swing 
against the possible travel of a considerable number of people 
has been demonstrated time and again. The Iroquois Thea- 
ter in which 600 lives were lost, is the best known example.- 
Doors should swing with the travel or slide across it, except 
that sliding doors are not permitted on certain principal 
exits as for theatres or assembly halls. : 

19. Rolling shutters, which might be down or come down 
in case of fire, are inadvisable on main exits. 

20. Slippery fire door sills, where good fire protection ‘Te- 
quires incombustible sills, are dangerous. Safety floor plates 
set in cement are excellent. 

21. A watchman was killed by a gravity sliding fire door 
riding upon a piece of pipe left in the doorway and falling 
from the track, because the clearness between the door and 
the track exceeded the depth of the hanger wheel groove. 
This defect largely reduced the possibility of the door resist- 
ing serious fire. 

22. Men have been painfully hurt by binders and fusible 
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link brackets projecting into door openings at a dangerous 
height. 


WINDOWS. 


23. Modern practice requires large window areas and 
clean windows. Cleaning windows is decidedly hazardous 
work. Therefore, the type of window selected and the facili- 
ties for safe cleaning warrant earnest consideration. The ex- 
tensive use of solid metal sash with windows of large area 
and with a comparatively small portion of the area pivoted 
often makes cleaning on the outside of high buildings almost 
impossible, except through the use of scaffolds or boatswain’s 
chairs suspended from a trolley track running around the top 
of the building. Special window cleanit.g balconies are some- 
times provided on the inside of high structures such as power 
houses. Special platforms on traveling cranes, bars across 
the tops of windows to which extension ladders can hook, 
and other safety provisions are made. Not to have a new 
building safe from this standpoint is evidence of lack of fore- 
sight on an important subject. 

24. The use of wired glass, because less subject to break- 
age than ordinary glass, has become almost universal in sky- 
lights, monitors, and at other high points. It is quite gen- 
erally used in exterior walls even of low buildings not exposed 
to fire. In partitions and doors and at other interior points 
it has safety advantages, because persons are occasionally 
badly hurt by falling through ordinary panes of glass. 


ELEVATORS. 


25. Fusible link controlled trap doors for elevator floor 
openings are ultra-hazardous, unless enclosed for six feet or 
more on all sides. The same thing is true of automatic hatch 
doors opened and closed by the cage in its travel. A standard 
shaft enclosure, with counterbalanced elevator doors or roll- 
ing shutters, arranged to be normally closed (electric inter- 
lock with the elevator engine) is ideal from a combined fire 
and accident prevention standpoint. If doors to shaft must 
be open during working hour, automatic sliding doors or 
rolling shutters, and safety gates in addition, are advised. 
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STAIRS. 

26. Aside from the obvious points of sound stairs, uni- 
form rise and tread, and equipment of hand rails, certain 
other safety features bearing on fire prevention warrant at- 
tention. : 

27. Automatic trap doors are dangerous. They are heavy, 
may fall, and are hard to raise when down. If the door is 
closed and persons rush or are crowded onto it in attempting 
to escape, the effect is exactly the same as the door swinging 
against the travel. (See Fig. 150, ‘page 649.) 

28. Stair enclosures should if possible have both natural 
and artificial illumination. 

29. Fig. 29, page 203, illustrates a stair shaft with two 
forms of enclosure, the upper floors having stairs individually 
enclosed and the lower floors stairs in a shaft. The latter 
method obviously is superior, because persons are not called 
upon to pass into each story as they descend. Attention is 
called to the 42” double hand rail, to 6” toeboards, to signs 
over doors, and to exterior connection to the bottom stair 
hall. 

30. A: smoke proof tower, shown in Fig. 149, page 646, or 
a well enclosed interior stairway afford excellent positions 
from which to fight a fire. 


ELEVATED TANKS. 


31. Good fire protection practice requires fairly frequent 
climbing of a tank trestle for purposes of examination, but it 
is only on the rarest occasions that even a modern sprinkler 
tank is equipped so as to safeguard to a practical maximum 
the man in his climbing and inspection work. Particular at- 
tention is called to the chapter on gravity tanks, where in 
Fig. 52 are shown the various features which make for safety. 
New tanks should be thoroughly protected, and wherever old 
tanks contain such features as the following, improvement is 
necessary: 


a—Ladder so close to columns or diagonal braces or other 
structural steel that person’s feet are likely to strike 
these obstructions before resting securely on rungs. 
Minimum clearance between center of rungs and 
nearest point of structure should be 6%”. 
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b—Where spacing of rungs is not uniform, especially 
where sections of ladders connect, change should be 
made to bring about absolute uniformity. Men have 
been killed by just such a defect. 

c—At no point should ladder slope backward from the ver- 
tical, for it is most dangerous to climb under such 
conditions. This situation is not infrequently found 
just below the tank platform. 

d—Ample protection must be provided at the top of the 
ladder leading to the trap door in tank, so that a 
man can work on this trap door without being in 
imminent danger of falling. 


32. When painting tank structure particular care should be 
exercised to avoid accidents. 

33. Collapse of sprinkler tanks located on tops of build- 
ings has been responsible for considerable life loss. Tanks, 
particularly large ones, should preferably be on independent 
structures well away from all important buildings. It placed 
on top of buildings, they should preferably be upon a rect- 
angular stair or elevator shaft. Any existing installation 
should be carefully checked up for safety. 


VALVES. 


34. Many accidents occur or risks are incurred in connec- 
tion with getting at valves-in a fire system. 

35. Pits should be sufficiently large to enable a man to 
work in them safely, should if possible have permanent ladder 
built into the walls or installed for convenient use, and 
should be free from sewer gas or other dangerous vapors. 

36. Valves at ceilings or other high points should prefer- 
ably be reached by a permanent ladder sufficiently far away 
from the wall to enable a man to put a foot through and 
hook his knee on one of the rungs. An even better method 
is to have a broad iron band at such a point that a man 
standing on the ladder can rest the small of his back against 
this and have both hands free. 

37. Valves should if possible be placed where readily ac- 
cessible from the ground or from some platform already in- 
stalled, and at a sufficient height to avoid persons striking 
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against them, particularly with the face. Placing gate or 
check valves immediately under tanks on trestles is particu- 
larly objectionable, because of. difficulty. of access. 


HYDRANTS. 


38. Hydrants should be placed where least likely to be run 
into in the ordinary travel about a plant, and it is good prac- 
tice to paint them yellow so as to make them more promi- 
nent in poor light. 

39. Where hose houses are erected over hydrants, the loca- 
tion of the lower shelf should be such that persons will not 
injure the hands in swinging a hydrant wrench. Many de- 
cidedly painful lacerations occur owing to insufficient clear- 
ance and to men working in a hurry. 


HOSE. 


40. Carts should have a sufficient gage so as not to be likely 
to upset on slopes and when making sharp turns. 

41. Men have been injured and even killed by hoze nozzles 
getting away and striking men before they could get out of 
range. It is obvious that nozzle should be sufficiently man- 
ned before water is turned on, and that the practice of laying 
hose straight and with an easy upward curve is most desir- 
able, because it prevents unnecessary side strains. 

42. Hose, when tested, should be entirely free from air as, 
otherwise, a coupling which blows off may be projected with 
tremendous force. 


CHEMICAL EXTINGUISHERS. 


43. Accidents have occurred owing to narrow gage chem- 
ical engines being upset in mill yards, and a broad gage is 
desirable for an engine used outside. 

44, The condition of chemical engines and of hand chem- 
ical extinguishers from the standpoint of corrosion and pos- 
sible explosion warrants careful consideration and periodic 
attention. Men have been badly injured and even killed by 
caps blowing off, shells bursting, hose letting go, and bot- 
toms blowing out. Any appreciable evidence of corrosion 
should bar the device from use and it should be returned to 
the manufacturer who should scrap it if it is not safe to re- 
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line it Extinguishers bearing labels of Underwriters’ Labo- 
ratories are especially safeguarded against corrosion. 


AUTOMATIC SPRINKLERS. 


45. Unquestionably, one of the greatest life savers ever in- 
vented is the automatic sprinkler. The life loss that has 
taken place in sprinklered buildings has been exceedingly 
small considering the number of persons exposed, and there 
never has been anything resembling a fire disaster similar to 
those which occasionally take place in unsprinklered structures. 
The life loss has been due largely to local flashes or explo- 
sions too quick and deadly even for sprinkler action. It is 
a fact that employees, knowing that a sprinkler system is 
provided in a building, are not panic-stricken when fire breaks 
out. This is an important item. If there is a question of 
life hazard from fire in a structure in which many persons are 
employed, the sprinkler system is generally the best solution. 

46. Under some conditions where certain types of chem- 
icals are present, as, for example, metallic sodium, sprinklers 
are an element of danger, as also is the presence of hose lines 
that may be used improperly. 


FIRE BRIGADES. 


47, Previous sections have called attention to accident haz- 
ards to which a private brigade may be exposed by bad 
housekeeping, poor illumination, badly placed hydrants, 
bursting of hose, loss of control of nozzles, dangerously lo- 
cated valves, and defective chemical engines or extinguishers. 
Particular attention is called to the risks incurred in making 
use of portable or permanent ladders and to the dangers of 
working on roofs of buildings from which men might fall. 
A brigade should be allowed to undertake dangerous work 
only after it is fairly well trained, and the subject of personal 
safety should always be before the men. Safety should not 
be sacrificed to excessive speed at time of drills. 


HOME HAZARDS. 


48. A large percentage of all fires take place in habitations 
of various types, and approximately two thirds of the life loss 
from fires occurs in homes, almost altogether among women 
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and children. The relation of accident prevention to fire 
prevention is particularly close here. 


APPROVED DEVICES. 


49. For a number of years Underwriters’ Laboratories has 
been examining, testing, and passing on appliances purely 
from an accident prevention standpoint, or from a combined 
fire and accident prevention one. A List of Appliances In- 
spected for Accident Hazards is published annually. An 
astonishingly large field has been covered, including, for ex- 
ample, anti-slip materials, automobiles and automotive ap- 
pliances, boiler, electrical, and elevator equipment, kilns, 
gases and gas appliances, goggles, guard materials, ladders, 
and window frames. 


ORGANIZED FIRE PROTECTION. 


50. The modern safety movement has demonstrated the 
possibility of really educating the rank and file workman and 
getting him to be more careful, through the medium of work- 
men’s inspection committees, bulletin boards, and other edu- 
cational stunts, such as special campaigns. There is a lesson 
here for the fire protection engineer, because many fire pro- 
tection elements such as good housekeeping, proper use of 
matches, etc. are chiefly matters of personal carefulness. In 
the plant where there is a safety organization it should be 
used as a vehicle for fire prevention instruction and in a plant 
where there is no safety organization, one may well be cre- 
ated for the purpose of getting across both the fire prevention 
and accident prevention ideas, 


CHAPTER 4 
NATIONAL FIRE PROTECTION ASSOCIATION 
BY FRANKLIN H. WENTWORTH * 


1. The National Fire Protection Association has two func- 
tions. One is to formulate standards under guidance of 
which the fire waste may be checked; the other is to educate 
the people in the observance of those standards and point out 
the economic penalties for ignoring them. 

2. Its objects and the qualifications for membership are in- 
dicated by the following extracts from its “Articles of As- 
sociation ” 


3. Article 2.—The objects of this Association shall be to promote the 
science and improve the methods of fire protection and prevention; to 
obtain and circulate information on these subjects and to secure the 
cooperation of its members in establishing proper safeguards against 
loss of life and property by fire. 

4. Article 3.—Membership shall consist of (a) Members, (b) Associate, 
(c) Honorary. It is understood that through membership none is pledged 
to any course of action. 

a—Members.—National institutes, societies and associations interested 
in the protection of life and. property against loss by fire, state associa- 
tions whose principal object is the reduction of fire waste, insurance 
boards and insurance associations having primary jurisdiction, shall be 
eligible for membership. Annual dues shall be $60. Members shall have 
six votes in the affairs of the Association and shall be entitled to four 
copies of all publications regularly distributed to members. 

b—Associate Members.—National, state, and municipal departments and 
bureaus, state and municipal associations, boards of trade, chambers of 
commerce, firms, corporations, libraries, and individuals shall be eligible 
for associate membership. Annual dues shall be $10. Associate members 
shall have a vote in the affairs of the Association and be entitled to 
receive one copy of all publications regularly distributed to members. 


5. The Association meets annually in a three days’ conven- 
tion at which reports on the various standards are presented 
by its committees of experts and discussed by the convention 
before adoption. The proceedings of the annual convention 
are stenographically reported and issued in printed form so 
that all members may study the reports and the discussions 
thereon at their leisure. The progress of the world in sci- 
ence, invention, and the industrial arts makes constant revi- 
sion of these standards imperative. The Association was 

* Secretary and Treasurer of the National Fire Protection Association. 
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organized in 1896, and hence for nearly thirty years has been 
compiling and revising these standards, which are now the 
generally recognized guide and authority and which are of- 
ficially adopted by the National Board of Fire Underwriters 
and all other organizations interested in fire protection or 
prevention. 

6. Each member is usually represented at the conventions 
by its authorized engineer. 

7. This work of compiling and revising standards covering 
explosives, gases, oils, electric wiring, and all fire appliances, 
must continue indefinitely. It is a work for experts and de- 
mands the service of those members having technical educa- 
tion. 

8. The character of these standards is indicated by the 
following list: 


Acetylene Gas Machines, Oxy-Acetylene Heating and Welding Ap- 
paratus and Storage of Calcium Carbide. 

Gasoline Vapor Gas Lighting Machines, Lamps, and Systems. 

Blower Systems for Heating and Ventilating, Stock and Refuse 
Conveying. 

Dip Tanks. 

Electric Wiring and Apparatus (National Electrical Code). 

Electrical Fittings, List of Approved. 

Fire Brigades, Private. 

Fire Pumps, Steam. 

Fire Pumps, Rotary and Centrifugal, and Electrical and Gasoline 
Engine Driving of Fire Pumps. : 

First Aid Fire Appliances, Installation, maintenance and use of. 

Oil Burning Equipments. , 

City Gas, Installation, Maintenance and Use of Piping and Fittings. 

Gas Shut-off Valves. 

Hazardous Liquids, Containers for Storing and Handling. 

Hose Houses for mill yards, construction and equipment. 

Internal Combustion Engines (gas, gasoline, kerosene, fuel oil) and 
Coal Gas Producers (pressure and suction systems). 

Lightning, Suggestions for protection against. 

Marine Fire Hazards. 

Municipal Fire Alarm Systems, ; 

Nitro-celluose Motion Picture Films (storage and handling) 

Pyroxylin Plastic, Storage and Sale of, in other than plants manufactur- 
articles therefrom. 

Pyroxylin Plastic, Storage, Handling, and Use of in factories making 
ing articles therefrom. a4 

Protection of Openings in Walls and Partitions. — \ 

Signaling Systems used for the transmission of signals affecting the 
fire hazard. 

Roof Openings, Cornices and Gutters. 

Sprinkler Equipments, automatic and open systems. 

Steam Pump Governors and Auxiliary Pumps. : 

Tanks (gravity and pressure), Concrete Reservoirs and Valve Pits. 

Vaults. ; 

Standpipe and Hose Systems. ’ ; : 

Mill (slow-burning). Building Construction, including Scuppers. 

Valves, Controlling Water Supplies for Fire Protection. 
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9. The Association distributes copies of each new edition 
of the above pamphlets to its members as issued and furnishes 
the same to the public on application. 

10. Besides the hundred-odd principal national institutes, 
societies, associations, and underwriting boards and bureaus 
of the United States and Canada which constitute the mem- 
bership, the Association has now nearly 4,000 associate mem- 
bers, many of whom serve upon important committees and 
all of whom may share in the Association’s great work of 
public education. The Association takes an important part 
in the observance of Fire Prevention Day on October oth 
each year. 

11. The Association’s literature is prepared with the object 
of educating the layman in fire prevention. Although based 
upon expert knowledge, it is put into popular form so that 
anyone is enabled to educate himself to protect his own prem- 
ises and give advice to his neighbor. 

12. The Association’s inspection manual, “ Field Practice,” 
is the standard inspector’s guide for use in his daily work. 

The Quarterly magazine of the Association is unique in its 
special articles on fire hazards, fire protection and prevention, 
and the economic effects of the fire waste. Its editorial mat- 
ter is clearly and forcefully written, and its carefully edited 
department of fire records is indispensable to those who are 
studying fire causes and effects in specific properties. In the 
Quarterly are described all the important fires occurring in 
the United States and Canada, with special reference to their 
origin, their extent, and the manner of their extinguishment. 
By a special method of cataloging, statistical records are so 
kept as to permit the publication in every issue of fire statis- 
tics on some special class of factory or occupancy, showing 
how the majority of such fires start and how in the cases 
given they were extinguished. 

13. Special studies are made of the effect of fire on concrete 
and other buildings of fire-resistive construction. Unique 
bulletins are regularly issued covering the hazards of Christ- 
mas trees and decorations and Independence Day celebra- 
tions; and during each year many individual papers and re- 
ports on specific topics are sent to members, besides copies 
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of all the Association's standards as soon as they are complete 
and published. The office correspondence of the Association 
is voluminous, as any information in its files accumulated 
during its life of nearly thirty years is gladly furnished its 
members on application. 

14. The office of the Association in Boston, Mass., is the 
source of, or clearing house for, all that is authoritative on 
the subjects of the fire waste, fire protection and fire preven- 
tion; and its members are privileged to submit at all times 
their individual problems for solution. The monthly News- 
letter keeps members abreast of all new developments in fire 
prevention matters. 

15. The Associatiox’s associate membership is composed 
of architects, builders, merchants, manufacturers, warehouse- 
men, engineers, fire marshals, fire wardens, fire chiefs, elec- 
tricians, credit men, bankers, insurance agents and inspectors, 
Boards of Trade, Chambers of Commerce, Public Libraries, 
and many other organizations, individuals, firms, and corpo- 
rations. 

16. No admission fee is charged for membership. The 
Quarterly magazine, the published standards, all special bul- 
letins, and other valuable engineering and popular literature 
issued during the year are supplied to members for ten 
dollars ($10) per year dues. There is no other expense. 
The membership year begins with the date of the member’s 
election. 

17, Any individual, firm, corporation, or society is eligible 
to membership. 

18. The office of the National Fire Protection Association 
is at 40 Central Street, Boston, Mass., and the secretary will 
promptly send sample publications to anyone wishing to 
know of the work of the Association or who may desire to 
co-operate with it as a member. 


CHAPTER 5 
NATIONAL BOARD OF FIRE UNDERWRITERS 
By WILBUR E. MALLALIEU * 


1. The National Board of Fire Underwriters, an organiza- 
tion in which 180 of the leading fire insurance companies are 
represented by their executive officers, was organized in 1866. 
Its headquarters are located at 76 William Street, New York, 
with branch offices in Chicago and San Francisco. 

2. Organized in the troublous period following the Civil 
War when unlimited rate competition and a rapidly rising 
fire ratio were threatening the solvency of American fire in- 
surance, it sought to restore stability through a rigorous con- 
trol of rates. At first these efforts met with considerable 
success, and to them is largely due the fact that so many 
companies were able to survive the double blow of the Chi- 
cago and Boston conflagrations in 1871 and 1872. 

3. However, friction resulted among the companies to stich 
an extent that it was finally found necessary to abandon rate 
control. This step was taken in 1877, since which date the 
National Board has had nothing to do with fixing rates. 
Eleven years later it likewise abandoned jurisdiction over 
commissions paid to insurance agents and brokers. 

4, With this final relinquishment of legislative functions the 
organization entered upon a new phase of its history and be- 
gan rapidly to develop into a great service institution—to its 
members and to the public. In both directions its work has 
assumed large proportions and its influence has become far- 
reaching and constructive. 

5. The present activity is essentially one of Committees, 
under the general supervision of the Executive Committee 
and the direction of the General Manager and his staff. The 
more important committees are as follows: 

6. The Committee on Laws, which makes a special study of 
the legal, legislative, and administrative phases of the rela- 
tions of fire insurance and the public. 


* General Manager of The National Board of Fire Underwriters. 


22 


National Board of Fire Underwriters 23 


7. The Committee on Incendiarism and Arson is prosecut- 
ing the despicable crime of arson more vigorously and upon. 
a larger scale than ever before, but it no longer offers a re- 
ward to those furnishing information. This Committee has 
branch offices both in Chicago and San Francisco. 

8. The Committee on Statistics and Origin of Fires which 
goes deeply into the study of a vital phase of underwriting 
knowledge. 

9. The Committee on Fire Prevention and Engineering 
Standards has been for many years the country’s strongest 
influence for the lessening of public fire hazard. This Com- 
mittee, at large expense, maintains parties of field engineers 
that are constantly engaged in inspecting water supply, fire 
department equipment and efficiency, alarm systems, special 
hazards, etc., in the large cities of the United States. The 
Committee’s particular attention is devoted to the proper pro- 
tection of congested value districts and the removal of con- 
flagration hazards. Its recommendations have led to exten- 
sive improvements in many cities. This Committee is the 
special intermediary between the Executive Committee and 
the Underwriters’ Laboratories of the National Board. 

10. The Committee on Construction of Buildings, which 
prepares and promulgates building codes and exerts'a power- 
ful influence in improving the standard of building construc- 
tion throughout the country. 

11. The Committee on Clauses and Forms, which makes a 
study of the complicated clause and form requirements of 
fire insurance policies. Its suggestions are sent out in’ the 
form of recommendations and are never mandatory upon the 
local underwriting associations. 

12. The Committee on Adjustments, which maintains emer- 
gency adjustment cabinets and is prepared to systematize and 
facilitate the rapid adjustment of great conflagrations. Au- 
gusta, Ga., Paris, Tex., and Astoria, Ore., are recent cases in 
which notable service was rendered. 

13. The Actuarial Bureau Committee, which is engaged in 
the vast work of recording, tabulating, and interpreting the 
entire fire loss of the United States for the purpose of ascer- 
taining the relative hazards attached to'classes of risks, con- 
ditions of localities, etc., etc. This Bureau, with a large 
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force, receives and studies the particulars of the large major- 
ity of fires in the country. Incidentally, it is proving an 
important check upon the operations of incendiaries. 

14. The Committee on Public Relations was organized in 
1916 to supplement the technical work of other committees 
by means of educational activities. It has prepared and dis- 
tributed a great deal of widely circulated printed matter, in- 
cluding the school manual “ Safeguarding the Home Against 
Fire” and “ Safeguarding America Against Fire,” the latter 
being a monthly illustrated bulletin of eight pages, which is 
sent to a mailing list of almost 100,000, most of the recipients 
being local agents. During the War, the Committee issued 
several valuable pamphlets, including “Safeguarding In- 
dustry,” which was prepared for the Council of National De- 
fense, and- “Safeguarding Grain in Storage Against Fire,” 
prepared for the U. S. Food Administration, and sent to all 
distributors and handlers of grain in order to aid in the pro- 
tection of food stuffs from destruction by fire. The shippers 
and handlers of cotton were supplied with a booklet entitled 
“ Safeguarding Cotton Against Fire.” This committee is one 
of the active forces behind Fire Prevention Week each year, 
and has been instrumental in enlarging the national interest 
in the observance of this occasion. 

15. The above includes the chief activities of the National 
Board of Fire Underwriters. In general, it may be said that 
it is devoted to the furtherance of fire prevention, just laws, 
and accurate knowledge. It possesses no legislative powers. 

16. The recent history of the National Board has been one 
of steadily progressing influence, until today it is unquestion- 
ably one of the greatest constructive forces in the United 
States. It has inaugurated and largely sustained, although 
at private expense, the fire prevention movement that is now 
finding expression throughout the country—both in the mat- 
ter of public improvements and of popular education. Its 
influence upon the more technical side of fire insurance has 
been in the direction of sound practices, based upon exact 
information and carried out in a spirit of the broadest equity. 

17, It is generally recognized that the National Board has 


been a leader in bringing about a better understanding be- 
tween big business and the public. 


CHAPTER 6 
UNDERWRITERS’ LABORATORIES 


By WILLIAM H. MERRILL * 


1. Underwriters’ Laboratories is for service—not profit. 

2. Its chief financial support has been received from the 
National Board of Fire Underwriters, under whose general 
direction the work is carried on. 

3. The object of Underwriters’ Laboratories is to bring to 
the user the best obtainable opinion on the merits of appli- 
ances, devices, machines, and materials bearing on fire hazards 
and accident dangers. 

4, The work is undertaken as one means of reducing the 
enormous and disproportionate loss of life and property by 
fire and the number of accidents in America. 

5. Summaries of the Laboratories’ reports are promulgated 
on printed cards filed according to classifications, and cabi- 
nets containing these cards are maintained at the offices of the 
principal Boards of Underwriters and Inspection Bureaus in 
the United States, at many of the general offices of insurance 
companies, by some insurance firms, certain federal, state, 
and municipal departments, and at the local offices of the 
Laboratories in larger cities. Much of the information is 
also freely distributed by means of Lists of Manufacturers 
of Inspected Mechanical Appliances, of Electrical Appliances, 
of Automotive Appliances, of Burglary Protection Appli- 
ances, and of Appliances Inspected for Accident Hazards. 

6. The results of the work in many classes of appliances 
are effectively made known directly to building owners, archi- 
tects, users, and all other persons interested, by means of the 
Laboratories’ Label Service, under which goods are inspected 
at factories by Laboratories’ engineers and stamps or labels 
attached to such portion of the output as 1s found constructed 


* President of the Underwriters’ Laboratories. 
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in accordance with standard requirements; and, in addition, 
by systematic supplementary examinations and tests at the 
Laboratories of samples of labeled goods purchased in the 
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Fic. 1. EXxaMPpLeEs oF LABELS AFFIXED BY UNDERWRITERS LABORATORIES 
open market or received from inspectors and users, thus 
serving to countercheck the efficiency of the factory inspec- 
tion work and to determine the service value of the product. 
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Over 130 offices and agencies are maintained throughout the 
United States and Canada for handling the inspection and 
Label Service. Fig. 1 illustrates typical labels. 

7. For a number of industries this service now includes in- 
spection of the product at factories, check tests on materials 
purchased in the open market, service value determinations 
by retests of samples which have been in practical use, and 
schedule estimates, showing comparative demerits noted on 
products. These elaborations are working to the decided 
advantage of all concerned and are possible only under the 
label service. The Underwriters’ Laboratories of Canada 
handles the work in the Dominion and the Fire Offices’ Com- 
mittee is the representative in Great Britain. Over six hun- 
dred million (600,000,000) labels were utilized on products 
during the year ending December 31, 1922. : 

8, There exist permanent arrangements between Under- 
writers’ Laboratories and the Bureau of Standards of the 
Department of Commerce of the Federal Government, and 
between Underwriters’ Laboratories and the Bureau of Mines 
of the Department of the Interior of the Federal Govern- 
ment, whereby in the event of a fixed difference of opinion 
on a technical matter between the Underwriters’ Laborator- 
ies and any of its clients the question at issue may be sub- 
mitted to either Bureau for decision. 

9. The various departments making investigations and 
tests are the Protection, Hydraulic, Gases and Oils, Chemical, 
Electrical, Casualty, Automotive, Burglary Protection, Avia- 
tion, and Label Service. Their recommendztions are passed 
upon by the council having authority and favorable action 
is necessary before listing is completed. These bodies which 
consist of from eight to forty-five members, are the Fire 
Council, Electrical Council, Casualty Council, Automobile 
Council, and Burglary Protection Council. 

10. A large addition to the main plant and office at 207 
East Ohio Street, Chicago, has been recently made and an- 
other building to accommodate the steadily increasing demands 
is being planned. The New York office and testing station 
has also recently moved into larger quarters in its own build- 
ing at 109 Leonard Street. 


CHAPTER 7 
COMMON FIRE CAUSES 


1. Behind every fire loss there is a cause, and obviously 
fire prevention is of paramount importance. Common fire 
causes underlie virtually the entire fire loss; even in special 
hazard industries (see Chap. 8) common causes produce most 
of the losses. 3 

2. In this edition of the Handbook, it is possible for the 
first time to present in condensed form the result of the nation- 
wide analysis of fire losses which the National Board of Fire 
Underwriters is making through its Actuarial Bureau. Loss 
reports from the large majority of insurance organizations 
have been gathered and tabulated since January 1, 1915. For 
the first time in history, a nation knows its loss causes and 
costs, the distribution by sections of the country, by states, 
and by cities, the effect of different types of construction and 
public and private fire protection, and other factors of interest 
from the prevention and insurance standpoints. The table 
on page 30 warrants careful study. It drives home the 
reckless, almost criminal, disregard of a large portion of the 
American people for property and life so far as fire is con- 
cerned. 

Exposure losses (including conflagrations—a fire involving 
loss of one million dollars or more) account for 17.40% of 
total loss. Unknown cause losses (33.07% of the total), if 
the facts were known, would probably show a distribution 
of causes very much like the 66.93% about which there is 
definite data. Of the known causes, losses are classed 52.77% 
“strictly preventable” and 47.23% “partly preventable.” 
These figures confirm very closely the long-maintained posi- 
tion that fully 75% of all fire outbreak can be prevented by 
the exercise of care and the safeguarding of easily protected 
hazards. 

3. While it is possible to debate whether certain causes of 
fire in the table belong in one general division or the other, 
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and while the relative of dangers for the nation as a whole 
will not apply in many specific properties, there is no argu- 
ment that this table indicates the directions in which par- 
ticular emphasis should be applied. In studying this chapter 
on Common Fire Causes, the reader should frequently refer 
to this table. All of the listed fire causes are discussed in 
this chapter, except that exposure fires are treated in Chap- 
ters I0, II, 13, 14, 20, 34, and 39, and incendiarism in Chap. 35. 
4. The main divisions of the chapter are: 


a—Lighting. 

b—Power Generation. 
c—Power Transmission. 
d—Heating. 

e—Housekeeping. 

f—Locke1rs and Cupboards. 
g—Blower Systems. 

h—Oils and Paints. 
i—Gasolene and Other Inflammable Liquids. 
j—Spontaneous Combustion. 
k—Explosion Hazards. 

1—Film Handling and Storage. 
m—Matches. 

n—Smoking. 

o—Locomotive Sparks. 
p—Lightning. 


5. For a condensed list of the topics covered, see Table of 
Contents, and Topical List of Fire Causes, pages 125 to 133. 


LIGHTING. 


SUNLIGHT 
6 The sun is a not inconsiderable fire hazard. Familiar 
conditions under which it causes fire are: 


a—Shining through glass paper weights and similar objects. 

b—Shining through fish bowls, water bottles, laboratory 
flasks, etc., that act as a burning glass. 

c—Setting fire to window curtains by virtue of lenses 
formed by bubbles in window glass. 
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d—Reflecting from concave mirrors, as under microscopes. 
e—Contributing to spontaneous combustion in coal, oily 
waste, and similar materials. 


7. Also, when buildings are shut up tightly over the week- 
end, the sun quite frequently sets off sprinklers under sky- 
lights or in attic spaces and causes considerable water dam- 
age. 

AMERICAN FIRE LOSSES FOR FIVE YEARS 
1g916—1920 Inclusive 


Compiled by Nationat Boarp oF Fire UNDERWRITERS through its 
Actuarial Bureau 


Note: Figures based on 3,300,000 loss reports and approximately 1.500,000 
fires. To allow for unreported fires and uninsured losses, fully 25¢ must 
be added to the figures appearing in the tabulation. 

All figures in thousands, three ciphers omitted. 


a 
=| 
3 3 + é 2 = n 
vA Total |Average|S¢] 29 | 33 
g Cause of Fire 5 Year | Annual |§ 3| +3 ao 
3 Losses | Losses |¥5 sO 2s 
2 eal aia ee 
Srrictty PREVENTABLE 
1 | Defective chimneys and flues ....... 61,976} 12,395| 4 
2 | Fireworks, firecrackers, etc. ....... : 1,927 385 | 20 
3 | Gas, natural and artificial .......... 12,776). -2,555 15 
4 | Hot ashes and coals, open fires 15,564} 3,113] 14 
5 |Ignition of hot grease, oil, tar, wax, 
agp Alt ClO. c eee ee Uren 6,262) 1,252 )paz : 
6 | Matches—Smoking...............- 90,271) 18,054] 1 13.62 
nO pew LARhtsy acetic. aes choc oem wes 16,287] 3,257 | 13 A 
8 | Petroleum and its products.......... 33,973| 6,795! 9 
OG) Rubbish and. litter, .. 3. .c.« sie sere 3,752 750) 18 
LOWSparksron foolssc. cscs cece acect ke 41,667} 8,333] 7 
11|Steam and hot water pipes......... 2,067 413) 19 
12 Stoves, furnaces, boilers and their 
Pipes: t.. ARAL ARR, EE 63,324] 12,665] 3 
13| Total—Strictly preventable....... 349,846] 69,967 52.77 


_ Partty PREVENTABLE 
14 | Electricity... 


85,735| 17,147) 2] 12.92 
15 | Explosions. . . 


10,342} 2,068) 16 


LOW RCenCATism . days hai vssiecia ep ee 16,628) 3,326] 12 
it bighthing 200. eek ee ee 48,564| 9,713) 6 
18 | Miscellaneous known causes......... 25,832] 5,166] 10 
19 | Sparks from combustion............ 25,052) 5,010] 11 
20 | Sparks from machinery............. 39,673] 7,935) 8 
21)| Spontaneous combustion............ 61,193] 12,239] 5 
22 Total—Known causes—Partly pre- 
ventableviyat . Ae eee 313,019} 62,604 47.23 

23 Total—All known causes..........| 662,865]132,571 100.00 
24 | Exposure (including conflagration). . 232,888] 46,578 
25 | Unknown (probably largely prevent- 

BbIe) weet rene AO Cen oe 442,423) 88,485 
20\@ (Grand botal 5 h.c-csiecceents ene .-| 1,338,176 | 267,634 
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8. The remedies are obvious, except in the case of coal 
piles, where the risk cannot well be avoided. 


ELECTRICITY. 


9. The treatment of this subject, although found under the 
heading of “ Lighting,” applies quite as well to the generating 
and utilizing of electrical power. 

10. As a cause of fire, electricity (not including losses due 
to lightning) ranks second in the scale as shown in table op- 
posite. The tremendously wide-spread use of electricity in 
industry, in mining, in transportation, in institutions, and in 
habitations, and its use for power, light, heating, cooking, 
signaling, and other purposes, are the reasons for these 
losses. Were it not for the remarkably good control exer- 
cised throughout almost all sections of the country as re- 
gards equipment and installation hazards, the losses would 
be far greater. Nevertheless, there is a decided chance for 
improvement. 


National Electric (Fire) Code. 

11. The National Electric (Fire) Code, originally drawn 
in 1897, combines the joint experience and judgment of all 
parties interested in the use of electricity, is truly a national 
standard, and is probably the most extensively used and 
vigorously enforced code in existence. It is subject to revi- 
sion each two years as experience warrants. 

National Electric Safety Code. 

12. With the rapid development of accident prevention in 
this country, it was felt that there was need of an electrical 
safety code, and the preparation of this was undertaken and 
was completed in 1916 by the Bureau of Standards of the 
United States. Cooperation with the committee having the 
National Electric Code (now known as the Fire Code) in 
hand has produced a situation which should avoid conflict 
between the two codes and cause them effectively to supple- 
ment each other. 

13. Fundamental life safety principles embodied in the 
Safety Code include: 


a—Isolation of live parts by elevation. The minimum dis- 
tances are: 
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Voltage of Elevation 
Parts. in Feet. 
300 to PEO Teele fda etd scape eee F(A) 
FEO. EOam ZAG OO! ecere. chs ako Solo ae Fae 
B.800 [tou | 7EG0Os 8S. ADA ONE AI Ae ee ee 8.0 
7.500, tO} GO,000! #5. 4ST RR aa RO ee. ee 9.0 
320;000: tO: 70;000 sac. 0 PR MSE SIE ee ec eee 10.0 
70;000. tO HOO;OOOM 02... Aiwa sO ates eee 12.0 
OWMar 0000014 25 21592. Shs APs See 14.0 


b—Horizontal clearance where work is done about exposed 


live parts. The minimum distances are: 


Voltage of Distance 
Parts. in Feet 
750 to Fs SOO, . 570 a 5.05,5-0ud ce, ys ws oped is staccato I 
FESOOP CO: P30; 00s ect 64 nls ero oe he eee cae 2 
BOSOOO! LO" SOLOOU” oe aia 6.0 2, sc0.tie RCC aR wy Ei ea 3 
OOOO CO.“ 70,000!) a als aniais sata soloed ae eters Sere 4 
70;000' tO: T00,000 ... ... .. « waded LPR a eee eee ae Li 
@VEG1100,000' seis bod aziot }.. aoa eal. Thats. See 6 


c—Barrier protection with asbestos board panels or 


grounded metal screens. 


d—Enclosure of exposed contacts on utilization equipment, 


such as switches and fuses, resistances, machine con-’ 


nections, and commutators and slip rings. This is 
always advisable, and is required on voltages in ex- 
cess of 300. 


e—Grounding of neutrals of polyphase systems and of one 


side of single phase circuits. 


f—Grounding of practically every exposed metal con- 


tainer, framework, and base, as, for example, lead 
sheathed cables, conduits, switchboard frames, all 
types of transformer cases, generator and motor 
frames, compensator cases, and enclosing metal 
screens. See Fig. 3, and page 38. 


g—Barring all unauthorized persons from electric generat- 


ing and substations, switch rooms, and similar sec- 
tions. 


‘ 
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14. The code wisely differentiates in its requirements be- 
tween buildings and rooms where equipment is in charge of, 
and only accessible to, experienced persons, and points in 
industrial plants where persons without knowledge of electric 
hazards must or can come in contact with circuits and ap- 
paratus. The code does not require the best existing prac- 
tice, but rather good average practice. 


List of Electrical Appliances. 


15. A List of Inspected Electrical Appliances, which have 
been examined and approved, is published annually by Un- 
derwriters’ Laboratories in April, and a supplement to this 
list is issued each October. Devices and materials upon 
which tests have been made under the specifications of the 
National Electrical Code and the standards of Underwriters’ 
Laboratories, and the working of which has been noted in 
practice, are listed for the convenience of underwriters, elec- 
trical inspectors, and engineers who may desire to ascertain 
readily the names of the manufacturers of devices judged to 
be designed and manufactured in compliance with these 
specifications. The section of the National Electric Code 
relating to the design and construction of appliances is but 
a partial outline of these specifications. Underwriters’ Lab- 
oratories has complete standards for electrical fittings, which _ 
include the provisions of this code, and, in addition, specifica- 
tions for the performance under tests and in service, and 
further details of design and construction. Copies of these 
standards are obtainable upon request. Some of the articles 
classified, although not ‘entirely reliable, are the best at pres- 
ent obtainable, and must necessarily be used until more satis- 
factory devices are put on the market. 

16. Care should be taken in all cases to see that the name 
or the trademark of the manufacturer and the rating in volts 
or amperes or other proper units are marked on the article 
purchased, where they may be readily observed after the de- 
vice is installed. Fittings not so marked should be rejected. 
Very many classes of electrical fittings are regularly inspected 
and labeled by Underwriters’ Laboratories, as described in 
Chap. 6, and for such classes of deyices labeled products 
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should be called: for as labels furnish the most definite and 
useful evidence of compliance with accepted standards. 


Electrical Fire Causes. 

17. The fundamental causes of electrical fires are arcs and 
overheating. The separation of conductors or parts of dif- 
ferent potential and the design of equipment to carry safely 
ordinary loads and even overloads, coupled with automatic 
protection (fuses or circuit breakers), to open circuits if 
overload becomes severe enough to be dangerous, enter into 
the design and installation of all electrical equipment. This 
should be actively borne in mind in considering electrical 
fire hazards. 

18. Generators have substantially the same fire hazard as 
motors. Several disastrous fires have occurred because crane 
blocks or’ chains have come in contact with generator con- 
nections. The lay-out should be such as to avoid having the 
plane of rotation of the generators in line with the switch- 
board or other apparatus which might be put out of commis- 
sion by flying parts. 

19. Switchboards of the modern type contain little fire haz- 
ard. They are made of incombustible materials, oil switches 
are covered, and, if of large capacity or high voltage, are 
commonly put in separate compartments. Wires are gen- 
erally in conduit, or if not, are covered with flame-proof 
braids. Closely grouped wires having combustible outer 
braids are quite frequently wrapped in asbestos and treated 
with silicate of soda (liquid glass) to afford effective and only 
moderately expensive protection. 

20. Switches are dangerous largely because of poor conf 
tacts and connections causing ares or heating, and una S 
if exposed and struck by metal, violent short circuits may 
result. 

—}~ 21. Oil Switches have proved to be a very definite fire 
‘cause. The hazard lies chiefly in the oil switch rupturing 
under heavy overload, as from short circuits on lines, burn- 
ing oil being scattered, and fire spread thereby. Not only 
have combustible buildings been destroyed, but incombustible 
modern structures have been wrecked by such fires. The 
life hazard has also proved to be a considerable one. Con- 
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crete cell construction for switches greatly reduces the fire 
hazard. 

22. Transformers containing oil for insulating and cooling 
purposes have caused some exceedingly serious fires in power 
houses, substations, and industrial plants, but the danger, 
considering the number of transformers in use, is not great. 
Short circuits due to overload, breaking down of insulation, 
water getting into oil, and to line surges and lightning are 
the chief fire causes. Oil draw-off connections of ample size, 
controlled from safe points, are commonly provided where 
a large number of high tension transformers are located. 
For large transformers or for sets of smaller ones, separate 
rooms or cells are advisable. Solid separating fire walls, 
automatic fire doors on necessary openings, depressed floors 
or raised sills with areas provided with large trapped drains 
or sewer connections, are required to restrict spread of fire. 
See Fig. on the next page. 

23. Lightning Arresters of the popular aluminum cell type 
are almost universally used to protect fiigh tension lines. 
Their cases contain electrolite (not combustible) and_ oil. 
Their hazard is probably somewhat greater than that of trans- 
formers. Important installations are generally found outside 
of buildings, but occasionally in separate buildings or in cut 
off sections. Heavy lightning strokes and overcharging are- 
the chief fire causes. eee, 

24. Fuses and Circuit Breakers are the safety valves of 
electrical systems. They are often omitted and frequently 
abused. Circuit breakers are commonly set unnecessarily 
Viigh. Fuses are too large, cartridge fuses are refilled or 
bridged with fuse wire or copper wire . of too high carrying 
power, and occasionally iron pipe, brass tubes, or hay wire 
will be found in place of fuses. Link fuses if used, generally 
must be enclosed both for fire and safety reasons. Based on 
comprehensive tests and extensive field experience, Under- 
writers’ Laboratories in 1919 gave unqualified approval to a 
maker of cartridge fuses using properly designed renewable 
elements furnished by the manufacturer. For reasons of 
safety, convenience, and economy, such fuses are very widely 
used. 
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25. Circuits properly installed in metal or fiber conduit, 
armored cable, circular loom, or even unprotected against 
mechanical injury, cause comparatively few fires. The at- 
tachments to the circuits constitute the chief fire hazard. 
Properly soldered and taped joints, adequate supports, pro- 
tection against mechanical injury where needed, and protec- 
tion against moisture or fumes are fundamental fire safety 
features. See Fig. 3 for proper methods of installing cir- 
cuits and of grounding conduits and apparatus. 

26. Temporary Wiring, even if admittedly dangerous in 
the first place, very frequently becomes permanent. Even 
temporary wiring should be reasonably safely installed, and 
it should not be allowed to become permanent unless made 
fully standard. Dead wiring should be promptly removed, 
so that it will not be connected up after disuse has permitted 
deterioration. 


27. Motors should be installed in dry locations and wee 


not exposed to corrosive fumes, inflammable gases, dust, or 
light inflammable material, such as lint. It is frequently 
practical to drive a machine in a dangerous location by means 


of a shaft leading to the motor in an outside building or | 


room, 

Alternating current motors are less likely to spark than 
direct current ones, and are consequently safer in practically 
every location. Motors entirely enclosed, and drawing air 
from the outside and discharging again to the outside, are 
often practically safe where open motors would be hazardous. 

Exposed contacts on motors are objectionable both from a 
fire and an accident standpoint. 

Proper lubrication with good grade of mineral oil makes 
for economy, as well as safety. To avoid oil drips, motors 
can advantageously be placed in heavy drip pans. 

28. Incandescent Lamps are frequent causes of electric 
fires. Even the most efficient lamps use up a large percent- 
age of the current consumed in the formation of heat. In 
’ show windows, in clothes closets and lockers, in storage bins, 
on shelves, and even wrapped up in blankets to act as bed 
warmers, the incandescent lamp has caused fires. Lamps 
should be kept clear of combustible material, either by loca- 


3 


¢ 


A 
| 


el 


38 Handbook of Fire Protection 


tion or by protection with suitable guards. Only incombust- 
ible shades should be used. VThe breaking of incandescent 
lamps in an atmosphere of gas, as in a garage or a mine, has 
caused fires and explosions. Portable lamps need heavy rod 
guard protection, not spring wires directly against lamps, 
and keyless sockets are generally advisable. See Fig. 4. 
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29. Vapor Proof -Fittings, commonly called “marine fit- 
tings,’ are used primarily to protect sockets and lamps 
against weather, corrosive influences, and contact with in- 
flammable vapors or dusts. The latter function is an import- 
ant one from a fire prevention standpoint. An incandescent 
lamp may set fire to dusts deposited directly on it, and arcing 
due to poor connections or effect: of corrosion may ignite 
vapors. Also occasionally a lamp in breaking may ignite 
vapors or dusts; the heavy vapor proof outer globe gives 
substantial protection against such an accident. See Fig. 4. 

30. Arc Lights of various types may be dangerous owing 
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to hot carbon or molten metal falling on inflammable mate- 
rial or because inflammable dust or flyings come in contact 
with the arc. Safety requires wire enclosures for globes to 
prevent falling glass. 

31. Domestic electrical devices have attained a tremendous 
distribution. Clothes washers, mangles, dish washers, cook- 
ing ranges, vacuum cleaners, pressing irons, radiators, electric 
pads, foot warmers, fans, toasters, grills, percolators, curling 
irons, and water heaters are among those found. The aver- 
age city home has several devices. A number of these de- 
vices require comparatively heavy amperage, and often two 
Or more are used at the same time. This puts unexpected 
strains on circuits and especially on bracket outlets wired 
for a single lamp. It results in amateur extensions and in 
overfusing of circuits. It introduces additional portable 
cords. 

32. Electric pressing irons are the greatest electrical haz- 
ard, almost half of all electrical fires being attributed to them. 
Essential safeguards are a circuit heavy enough to carry the 
necessary current, a pilot light to show when current is on, 
and a metal bracket or a metal shelf, permanently set well 
away from and attached to a wall or partition convenient to 
the ironing place. Ordinary stands leave much to be desired, 
should current be left on for a long time. The ideal iron is 
one which by thermostat control prevents any dangerous 
temperature being attained. Such an iron is now on the 
market. 

33. Electric Soldering Irons are fairly popular, and are of- 
ten essential if soldering must be done in the presence of in- 
flammable vapors or liquids. Good cords, pilot lights at 
work benches, and safe supports for irons when not in use 
are important. 

34. Portable and pendent cords are a common cause of 
fire. Dragging them over floors or apparatus, tying, wiring, 
or nailing them aside, and drying out of insulation make for 
considerable risk. The electric lay-out should be such as to 
require the minimum of pendent cords, and where employed 
they should be properly placed and have shortest possible 
drops. Similarly, a good lay-out will reduce the use of port- 
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_ able cords to a minimum. For portable cords an adequate 

_ number of conveniently located outlets will reduce lengths 

_ of cords and cut down fire risk. Only approved heavy duty 

_ portable cords should be used. All cords should be regu- 
larly examined, and replaced as soon as they show injury, 
dryness, or appreciable wear. The life risk, from handling 
defective portable cords in boilers where grounds are perfect, 
is considerable. 28 volt circuits have been used for boiler 
room lighting or for extension cord circuits. See Fig. 4 for 
several types of lamp guards. ‘ 

35. Signaling circuits, ordinarily run inside of buildings 
without the safeguards accorded lighting systems, must be 
protected, both for life and property safety, at all incoming 
points against possible crosses with higher tension wires and 
against lightning. Inside of buildings, signalling circuits 
should obviously be kept clear of higher voltage conductors. 
Special protectors of several designs are available, involving 
the use of a direct well-connected ground wire. 

36. Radio and wireless equipment is now so widely used 
that special regulations are included in the National Electric 
Code. Fire hazard comes largely from lightning, higher 
tension crosses, and from careless or ignorant wiring in con- 
nection with the apparatus itself. A ground switch connect- 
ing the aerial with a good ground, closed when apparatus is 
not in use, is a standard provision. 

37. Static electricity undoubtedly is responsible for a con- 
siderable portion of the heavy losses attributed to sparks 
from machinery, the eighth most serious cause of fire. See 
table, page 30. In industries where inflammable dust, flyings, 
and vapors are present the hazard is acute. See page 106, on 
dusts. Static may be produced by friction of two unlike sub- 
stances, whether solid, liquid, or gaseous. Everyone is 
familiar with static produced by belts or coating machines, 
but that liquid flowing, as gasolene through a rubber hose, 
solids “ flowing,” as smokeless powder, or a cloud of blown 
dust will build up a static charge is not so generally ap- 
preciated. t 

The friction of the wind on particles of water in a mass of 
clouds has been attributed as being the cause of lightning. 
Prevention measures include: 
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a—Preventing the formation of the charge by changing 
equipment, as, for instance, chain drive instead of © 
belt drive, or neutralizing the charge as formed, as 
is customary on printing presses. 

b—Preventing a dangerous accumulation of charge, by 
grounding pulleys and shafts, use of combs placed 
for best results about 12” from points where belts 
leave pulley, ground wires placed parallel to belts 
closely on both sides, use of half glycerine and half 
water as a belt dressing, and other methods similar 
in principle. 

c—Grounding very thoroughly machinery or equipment 
through which powder or finely divided material 
passes. 

d—Use of grounded screens near cloth screens through 
which dust passes. 

e—Grounding buildings, tanks, pipe lines, tank wagons, 
and nozzles on filling hose lines where inflammable 
liquids are handled. Care must be exercised to 
avoid a spark when oil lines are disconnected. 

f—Moistening the air, for static is worst in dry weather; 
in fact under conditions of high humidity it can 
seldom if ever be produced. 


GASES. | 
Natural and Artifical. 


38. While the data following applies particularly to gas 
not manufactured on the premises, the principles may also 
apply to gasolene gas or other private gas systems. Also 
these items frequently are applicable to industrial as well 
as lighting problems. The National Board Regulations for 
the Installation, Maintenance, and Use of Piping and Fittings 
for City Gas are the product of co-operative effort of all na- 
tional organizations interested, are comprehensive, and war- 
rant study. 


City, Town, or Retort. 


39, It is evident that the chief hazard of gas lighting comes 
either from the gas jets themselves or the use of matches. 
The latter is treated as a hazard by itself under a separate 
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heading. Movable gas jets have been the cause of many fires, 
as they are generally located so that it is possible for them 
to swing against or under combustible material. Stationary 
gas fixtures, therefore, are preferable and if movable fixtures 
are used, suitable stops should be provided. Short brackets 
on combustible wails are also dangerous. 

40. Next to this comes the danger of combustible material 
coming against the gas jet, and this can be partially 
guarded against by the use of suitable wire globes or guards. 
These guards should be securely attached and of sufficient 
strength to withstand ordinary usage. It is most desirable 
that gas jets be installed away from windows so that curtains 
cannot blow into them. 

41. Fires have sometimes been caused by the lava tip blow- 
ing out of the gas burner and the obvious remedy is to use 
a burner so designed that this cannot happen. A number of 
such burners are on the market. 

42. Leaking piping and fixtures are a decided hazard, both 
to life and property. Obviously, only first class workmanship 
is advisable, when it comes to installing gas piping. It 
would seem unnecessary to suggest that gas leaks should 
not be looked for with a lighted match, and yet such reckless 
practice is literally a daily cause of explosion. 

43. The use of rubber tubing in connection with gas con- 

suming devices such as heaters, portable stoves, and table 
lamps introduces a very. decided fire and life risk. Tubing 
generally is of poor material, rapidly dries and cracks, may 
be pulled off of the pipe connection at either end by a child, 
a playful dog, or a person brushing against it. Wherever 
possible pipe connections should be used. Where tubing 
must be used, it should be of first class quality, securely at- 
tached at both ends, and provided with a shut-off cock only 
at the pipe end so that there will be no danger of the tubing 
being left under pressure. . 
44, Wherever electric wiring is located in a building, and 
there is danger of rubber covered conductors or conduit 
coming into contact with the gas piping, it is good policy to 
provide a bridge for the meter, so that no fire may start at 
this point owing to current seeking a ground. Where pass- 
ing through walls piping should be cemented in tightly. 
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45. One of the most important points in connection with 
larger gas services is to have a readily accessible shut-off 
valve for operation in case of necessity. Some fires have 
spread rapidly and have become serious because of broken 
gas piping or melted meter connections, with resulting large 
flow of gas. One of the following methods of procedure is 
usually advisable: 


a—The National Board Rules specify all service pipes 2” 
in diam. and over shall be equipped with a gate valve 
for shutting off the gas, located outside the building. 
Shut-off cocks or valves in stop or valve boxes, man- 
holes, or vaults are required. 

b—An alternative, especially where tampering is not likely, 
is to attach an extension stem to the inside valve 
wheel. See Fig. 5. 
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c—The use of an automatic form of shut-off valve is in- 
advisable, because at time of fire continued+ availa- 
bility of gas for illuminating purposes may be of 
real moment. 

d—For industrial plants where some gas service connec- 
tions are very large, indicator posts are recom- 
mended, located where safe from falling walls, and 
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carrying signs showing their purpose. See Fig. 5 
and also Fig. 61, page 405. 

e—On each floor where there is appreciable use of gas, as 
in an industrial plant, there should be an accessible 
shut-off valve for quick manipulations. 

f—Gas shut-off cocks should operate readily. If neglected 
they almost always stick tightly. 


46. Quarter-in-the-slot meters are a menace to life and 
property because gas may be cut aff by the meter when one 
Or more burners are open. The use of such meters is not 
advisable. 

47. The practice of connecting meters with lead piping is 
somewhat objectionable, and the modern tendency is to pro- 
vide iron pipe connections. It must be noted, however, that 
the soldered joints of the meter will melt readily if not more 
readily than a fairly heavy lead pipe. Large gas meters are 
often placed on shelves; very large ones can properly be 
placed outside of important buildings. 

48. For list of special hazards of gas manufacturing plants, 
see page I4I. . 


Gasolene Gas. 


49, Gasolene lighting devices have been and are being in- 
stalled in large numbers in practically all sections of the 
country. Because they go principally into rural districts, the 
extent to» which they are being used is not generally ap- 
preciated. : 

50. The classifications given in the rules and requirements 
of the National Board of Fire Underwriters for the “Con- 
struction, Intallation, and Use of Gasolene Vapor Gas Light- 
ing Machines, Lamps and Systems” are as follows: 

Class “ A”—Machines having outside carbureters. 

Class “ B”Machines having inside carbureters. 

Class “ C ’—Systems having outside tanks and inside flame- 
heated generators. 

Class “ D”—Gasolene vapor lamps. 

Class “ E”—Systems having inside tanks and inside flame- 
heated generators. 
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51. Class “A” Systems—These are by far the safest, in- 
troducing practically no more hazard than ordinary city gas. 

52. Carbureter or supply tank should be located outside 
and underground at least 30 ft. away from the building, and 
the top of carbureter should be below the level of the lowest 
pipe in the building, and prefrably below the level of the 
basement floor. Pipes from carbureter to building must have 
incline toward the carbureter. Where there is much water 
in the ground, carbureters must be protected against floating 
out of position. 

53. Mixers should be entirely automatic and self-governing, 
in order to produce a uniform quality of gas. The air pipe 
from pump must be carried at least 24” higher than the top 
of the filler pipe on carbureters to prevent gasolene from 
being forced into the building. 

54. Class “B” Systems—The introduction of a carbureter 
into a building increases the fire hazard, and yet the record 
of these devices has not been bad. They are used chiefly 
in connection with industrial plant systems. 

55. Class “C” Systems—lIn these systems, the gasolene is 
conveyed in liquid form through small copper tubes, either 
to the individual lamps, where it is vaporized, mixed with air 
and burned, or to a common generator, where the gas is made 
and discharged through pipes to the lamps. 

56. Such systems must be considered as more dangerous 
than the gasolene systems where the carbureters are located 
outside, and the gas only is admitted to the building. 

57. For any gasolene gas-producing or lighting device, it 
is essential that the installation rules of the National Board 
be closely followed and that only such systems as are per- 
mitted be purchased. Furthermore, the work should be done 
by reputable parties familiar with this character of equip- 
ment. . 

58. Gasolene Flares—The use of the gravity gasolene lamp, 
commonly found in circuses and street fairs and on construc- 
tion work, is accompanied by fire hazard. The lamps are 
subject to mechanical injury, burning gasolene may drip 
onto inflammable material below, and there is nothing to 
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keep inflammable material from coming into contact with the 
lamps. Both from a fire and an accident standpoint, the 
lamps are viewed with considerable apprehension. 


Calcium Carbide. 


59. Calcium Carbide is a hard, opaque, crystalline substance, 
known is chemistry as CaC,, in appearance, to the touch, and in 
the manner in which it fractures, it is not unlike crushed granite. 
It is produced by fusing carefully selected lime and carbon, at an 
extremely high temperature, in an electric furnace. 

60. Calcium Carbide, itself, is not inflammable; will not burn; 
can not explode; and is not affected by shock or concussion. It 
will keep indefinitely, without deterioration, if protected from air 
or moisture. While calcium carbide is now quite universally rec- 
ognized as a safe substance to store or transport under proper 
conditions, its affinity for water and the moisture of the air, which 
creates Acetylene, introduces a hazard which makes it desirable 
that certain safeguards shall be observed in the storage and use 
of this material, as prescribed in the rules of the National Board. 
It is generally recognized that calcium carbide should be stored 
above ground, in a dry, well-ventilated place; that apparatus be 
charged during daylight hours, and without the use of open flame 
illuminants. 


Acetylene Gas. 


61. Acetylene (C,H,) is an endothermic gas having a wide 
explosive range. It is non-toxic. Its pungent odor enables leaks 
to be detected very quickly. Pure acetylene is not explosive at 
pressures below 15 lbs. per square inch. Acetylene Gas must not 
be compressed beyond 15 Ibs. per square inch except where it is 
compressed into special cylinders filled with a porous material and 
a solvent. 

62. In many respects acetylene gas is similar to gasolene 
gas, principally in that the chief danger lies in the use of 
unpermitted machines and their care and handling. It is de- 
sirable that machines be located in heated buildings, prefer- 
rably detached, and that such buildings have ample windows 
and good ventilation. 

63. The examination of any source of gas supply with a 
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naked light is ultra-hazardous. Dark basements are objec- 
tionable, and any basement is objectionable if furnace or 
other fires are nearby. With a permitted generator (passed 
by the Underwriters’ Laboratories) and with the system prop- 
erly piped, installed, and cared for, the hazards of acetylene 
lighting are not serious. 

64. The extent to which acetylene gas is used for lighting 
purposes is seldom realized. There are over 500,000 instal- 
lations in all parts of the country. In spite of occasional 
explosions, the fire record has been good, probably better 
than that of lamps or candles which acetylene replaces. The 
brilliant and pleasant light, the cleanliness, and the lack of 
seriously poisonous qualities are responsible for the popu- 
larity of acetylene. 

65. An acetylene flare light suitable for contractors, marine 
signaling, and for illumination at fires has been developed. 
The light is powerful and has wide spread use. Acetylene 
compressed into small cylinders is extensively used on auto- 
mobiles, especially on trucks as an illuminant. Individual 
generator acetylene table lamps have been manufactured but 
are now practically obsolete. Acetylene cap lamps are ex- 


tensively used by miners where gas or dust hazards do not 
exist. 


Oxy-Acetylene Welding Systems. 


66. The rapid introduction of oxy-acetylene systems has 
brought with it certain fire hazards, very moderate on the 
whole, and, as a result, special rules on Oxy-Acetylene Cut- 
ting and Welding Apparatus are included in the Acetylene 
rules of the National Board of Fire Underwriters. Under- 
writers’ Laboratories have passed low pressure (maximum 
1 lb.) portable generators and medium pressure (maximum 
15 lb.) stationary generators, as well as regulators and blow- 
pipes. Only permitted apparatus should be purchased and it 
should be installed and operated as provided by the rules. 

67. The ordinary house lighting generator has a gas pres- 
sure of about three inches of water, whereas the-commercial 
machines used with oxy-acetylene blow pipes will run up to 
fifteen pounds. Obviously, a different form of construction 
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is necessary, and there is more mechanical equipment sub- 
ject to getting out of order. Stationary generators belong 
in preferably detached buildings, safely heated, well lighted, 
clean, normally locked, and subject to control of skilled at- 
tendant. Pressure tanks, such as areused for railway light- 
ing, are widely used in place of generators, especially for 
portable sets. 


Compressed or Liquid Gases. 


68. The following types of compressed or liquid gases are 
extensively used: 


a—Pintsch gas, primarily for railway car lighting. 

b—Acetylene gas compressed into cylinders filled with po- 
rous material and dissolved in acetone, extensively 
used for automobile and marine lighting, and for 
welding and cutting purposes. Maximum pressure 
should be 250 lbs. at 70° F. 

c—Compressed hydrocarbon gases, used for industrial and 
occasionally for residence heating and lighting pur- 
poses. Maximum pressure should be 1500 lbs. 

d—Oxygen gas which may explode if carelessly made by 
the electrolytic process. Reversing of polarity is the 
chief danger. Following a number of such explo- 
sions, Underwriters’ Laboratories has undertaken the 
supervision of manufacturing methods, under which 
electrolytic oxygen and hydrogen are produced. 
Liquid air oxygen cannot under any conditions con- 
tain oxygen and hydrogen in the same cylinder and 
it is therefore safer. Oxygen must at all times, from 
compressor to point of utilization, be kept free of 
oil or grease if explosion is to be avoided. Oxygen 
combined with acetylene is used on a very extensive 
basis for cutting and welding, and oxygen also has 
considerable medicinal use. Maximum pressure in 
cylinders should not exceed 2000 Ibs. at 70° F, 

e—Hydrogen gas used in connection with oxygen for se- 
curing high temperatures. 

-f—Ammonia for refrigeration and chlorine for bleaching 
and other purposes. 
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Any pressure tank, particularly when it contains an in- 
flammable liquid or gas, has real possibilities of 
danger. The essential safety features include: 

1. Adequate strength of storage tanks, covering 
which specifications of the Interstate Commerce 
Commission exist. 

2. Protection of storage tanks, preferably with 
safety valves, but in any event with fusible 
plugs to melt at temperature sufficiently low to 
prevent breakage of tank should it be heated 
as in fire. 

3. Storage of reserve supply of tanks outside of 
important buildings. Protection against the 
sun will prevent dangerous rises in tempera- 
tures and pressures. 

4. Protection of the low pressure side by means of 
safety valve to prevent excess pressure on serv- 
ice piping and on apparatus. 

5. Slow opening of valves, as high temperature or 
static electricity may be generated by very 
rapid flow of gas, to prevent combustible gases 
igniting. 

OILS. 


Lamps. 

69. Portable kerosene oil lamps are in such general use 
that but little need be said. Such lamps should be of metal 
(not glass), strongly constructed, and it is to be noted that 
central draft lamps are not approved. Lamps should be 
filled by daylight only, kept well filled, be clean, and wicks 
must be of proper width and thickness, and of ample length. 
Burners can to advantage be boiled in a soda solution oc- 
casionally. When lamps are used for factory lighting they 
should be supported by suitable metal hangers and proper 
heat guards provided to protect the hanger and the material 
overhead. Benzine-burning safety lamps are used in mining 
operations, although less so than formally. Electric and ace- 
tylene lamps have made great headway. Speaking gener- 
ally, lamps must be considered more hazardous than gas or 
electricity. 


ee 


7 


5 . . . . . 
as setting fire to buildings, from ‘ignition of floors, 


Common Fire Causes 51 


Lanterns. 


70. Lanterns should be strongly constructed of metal, with 
proper guards to protect the chimney. A common fault is 
the removable bottom for filling which may get loose and 
drop out. Numerous so-called safety lanterns are on the 
market, some of which have given good service, especially 
for watchman’s use. Numerous fires have been caused by 
broken or defective lanterns and the hazard deserves greater 
attention than it ordinarily receives, 


Battery Lamps. 


71. There is an increasing tendency to use storage battery 
lanterns for watchmen wherever inflammable vapor dangers 
exist. These lamps, while rather heavy, are cheaper to op- 
erate than flash lights requiring expensive dry batteries. 


Kerosene Pressure Systems. 

72. The National Board Rules cover kerosene pressure 
systems used to supply vapor lamps, stoves, blow torches, and 
furnaces with oil under considerable pressure. These are re- 
garded as much more hazardous than ordinary kerosene lamps 
and stoves. They are approximately in the same class for 
hazards as the Class C gasolene system. See page 46. For 
kerosene heating systems for dwellings see page 61. 


Kerosene Torches. 

73. Kerosene torches are commonly used for illumination 
by trainmen, and occasionally found in car barns and even 
in dangerous places, such as coal grinding plants. There is 
no serious objection to an open torch where there is nothing 
of an inflammable or explosive nature about, but at all other 
points the use of such torches should be forbidden. They 
have no place in the equipment of the ordinary plant or 
property. 


POWER GENERATION. 


BOILER ROOMS. 
74. The hazards of boiler installation come chiefly from 
explosion, from overheating of chimneys or stacks, with 
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partitions, or other woodwork nearby, and in connection with 
fuels such as coal, oil, wood, shavings, refuse, and sweepings. 
Specific treatment is hereafter given to spontaneous combus- 
tion hazards in coal storage (see pages 53 and 104), fuel oil 
(see page 55), and pulverized fuel (see page 53). 

75. The greatest safety for any boiler installation is se- 
cured with a detached building, preferably incombustible. 
When it adjoins another structure, the boiler room should 
preferably be of fire resistive construction, cut off with stand- 
ard fire doors. If boilers must be located in a building, the 
floor construction over them should be incombustible, even 
if the rest of the building is not, there should be ample clear- 
ance, and neither combustible finish floor nor combustible 
storage kept immediately over the boiler room, if there is 
the least possibility of transmitted heat producing a danger- 
ous temperature. Concrete or tile construction both holds 
and transmits long-continued heat toa dangerous degree. See 
page 60, para. I4T. 

76. That no wooden construction should come in contact 
with or even close to a boiler setting or be involved in ash 
handling system would seem obvious, and yet such fire haz- 
ards are not uncommonly found. 

77, Prompt removal of hot ashes makes for efficiency and 
safety, and it frequently bears on fire prevention. 

78. Where refuse or sweepings are burned under boilers 
they should be burned promptly when received, or, if they 
must be stored, kept in fire-proof bin or vault cut off from 
boiler room. See Fig. 10, page 64. 

79. Soft coal storage, where fire in it might jeopardize the 
boiler house or other important buildings, should not be al- 
lowed. The piling of coal against wooden side walls is par- 
ticularly objectionable. 


STACKS. 


80. An outside stack of brick, concrete, or metal is prefer- 
able to one carried through the roof unless the roof is incom- 
bustible. 

81. Where brick or concrete stacks are carried through 
wooden roofs, there should preferably be liberal clearance, 
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and not infrequently it is good policy to have the stack con- 
struction double with air space. Chimneys in walls, espe- 
cially where large boilers connect thereto, are a distinct 
danger unless wooden construction is kept 12” or more away 
from flue. Joists set into walls are especially apt to come too 
close for safety. Combustible finish on the face of chimney 
is undesirable. Often it is necessary to abandon such chim- 
neys and build new independent safe ones. See page 69. 

82. Metal stacks carried through combustible roofs should 
be safeguarded as shown in Fig. 6. They require firm guying 
to keep them central in roof opening. 

83. Uptakes from boilers should be at least 3 ft. from 
timbers or other woodwork. If nearer, protection with air 
cell asbestos board, at least %4” thick is in order, or removal 
of combustible construction in danger zone, is advisable. 
This is generally true where-clearance is less than 18”, and 
even this distance may not be adequate where temperature is 
high and uptake large. 

84. A common cause of fire is sparks from boiler stacks. 
Where wood is used for fuel, stacks should be provided with 
spark arresters, or spark chambers or deflectors built into 
the base of stacks will accomplish the same result. For very 
important or hazardous locations, as large lumber yards ex- 
posed by refuse burning boiler houses, both the deflector - 
chamber and screened top may be advisable. 


COAL. 

85. Coal storage, especially bituminous, in important struc- 
tures is generally not wise, partly because it may ignite 
spontaneously, and partly because, if ignited from any cause, 
it produces a fire very troublesome to extinguish. Outside 
storage, or special storage buildings or sheds, or incombust- 
ible fuel rooms on«the ground level are recommended. See 
page 104 for spontaneous combustion of coal. 


PULVERIZED FUEL. 

86. In recent years there has been a rapid development in 
the burning of pulverized fuel, generally low cost bituminous 
coal. In plants where it is produced, powdered pitch is also 
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(Courtesy of Independence Bureau.) 


Specifications.—Sheet metal to be at least 18-gage galvanized iron. 


to be twice A except that where 4 is less than 12” B 
than A. For wood-burning installation, B 
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being burned. For certain forms of kilns and furnaces such 
fuel is particularly efficient, a proper mixture of pulverized 
fuel and air developing exceedingly high temperatures cap- 
able of close regulation. The systems in use operate in one 
of three ways: 


a—Pulverization at the point of use, where it is blown into 
furnace. 

b—Pulverization at a central point and distribution of fuel 
to point of use, where it is. blown into furnace. 

c—Pulverization at central point and distribution of fuel 
and air through large pipes to points of use. 
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87. Obviously “a” is the safest and “c” the least safe 
system. Any pulverized fuel plant warrants careful analysis 
from a fire and accident prevention standpoint. Crushing, 
conveying, drying, storing, and pulverizing coal all have 
inherent hazards, principally the accumulation of dust outside 
of apparatus and the mixing of this dust with air, its ignition, 
and resultant flash or explosion. Pulverized coal flows 
almost like a liquid. There have been numerous ex- 
plosions, some with serious life loss. Tight apparatus, a 


design of building and apparatus least likely to permit dust 


to lodge, freedom from ignition possibilities due to spark or 
flame, and continuous cleaning up are the best safeguards. 
Vacuum cleaners have been used for such cleaning. 


FUEL OIL. 

88. Fuel oil, using the term broadly, is used to an astonish- 
ing degree for power generation in navigation, transportation, 
and industry, and also extensively for heating of large struc- 
tures. The economic advantages of such fuel have caused 
the Underwriters to modify their former attitude calling for 
outside diked or underground storage tanks only, so that the 
present regulations covering Construction and Installation 
of Oil Burning Equipment and for the Storage and Use of 
Oil Fuels used in connection therewith, permit four classes 
of oil storage, namely: 


a—Outside underground storage tanks. 
' b—Under the building storage tanks. 
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c—Above ground storage tanks (diked) with outside under- 
ground service tanks. 
d—lInside the building storage tanks. 


89. The order indicates fairly well the relative desirability 
from the safety standpoint. Oil burning installations should 
always be taken up specifically with the Underwriters having 
jurisdiction before equipment is ordered or work begun. 
Underwriters’ Laboratories have passed certain fuel oil en- 
gines, oil burners, and auxiliary equipment. 

90. The rules recognize two general classes of oil burning 
systems, namely: 


a—With constant attendance and using oil with closed cup 
test flash point not less than 150° F. 

b—Without constant attendance, and oil not less than 100° 
F. flash point. 


91. This virtually means a separation between the heavy, 
low cost fuel burning systems for power purposes and kero- 
sene burned in dwellings.. In the following sections some of 
the high points of the regulations are presented, no attempt 
being made to give details, as, for example, metal thicknesses 
for different tank shapes and capacities. See also Gasolene 
and other Inflammable Liquids on page 94. 

Storage Tank Capacities. 

92. Outside Buildings. Allowable capacities under different 

situations are as follows: 


i ; Maximum gallons permitted 
Distance from any important building 


having floor or pit lower than : 
top of storage tank Underground Above ground 
Iess:than: 10! hisaits o. eee eek aeed 50,000 750 
COO ee ed ithe eters hile 75,000 1,100 
STONE ron: ial BAe ah a aaag gree Be Nr 100,000 3,000 
BoP GO 20 EL! re OT, Sir te re 2 150,000 21,000 
BO! HO'SOOUL! wisdente. aebt. vent. bi 200,000 31,000 
[NOME TOnE: SC hE LA ge. TURE Ie 500,000 45,000 
DUBBO OM Oton cere ce Mee ee Unlimited 80,000 


For above ground storage, table continues until at 350’ 
permitted storage is 2,666,000 gallons. 
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Between distances of 50 ft. and 175 ft., a 33% increase in 
capacity is permitted if there is an approved extinguishing 
system. 

Note: Where flash points are lower than specified in par. 
90, the storage restrictions are more rigorous. It is always 
well to consult the underwriters having jurisdiction before 
installing oil storage of appreciable size. 

93. Inside Buildings. The rules permit: 


a—With ordinary construction 5000 gallons maximum. 

b—With fire-resistive construction 10000 gallons maximum. 

c—With any construction, with fully cut off room and sand 
installation, 50000 gallons maximum in two or more 
tanks. 

d—For dwelling heater types, maximum storage tank capac- 
ity 275 gallons, unless buried and no gravity feed 
possible. Auxiliary supply tank not over 60 gallons, 
which capacity is part of the 275 gallon limit. 


Tank Connections. 


The majority of the items called for in the following para- 
graphs are shown in Figs. 7 and 8 which warrant careful 
study. : 

94. Manhole Covers to be fastened securely and not used 
for fill, vent, or measuring purposes. All tanks to have tight 
metal tops. 

95. Fill Connections to be permanent, filling to be done at 
point outside any building, and fill pipe trapped by having 
end in tank turned up. 

96. Vents for underground tanks shall be independent from 
top of each tank, and 


a—Adequate for tank size and not less than 114” in diam- 
eter. 

b—Through permanently open galvanized pipe terminating 

outside of building at an accessible point above level 
of highest fill point. 

c-—-Screéned with 40x40 non-corrodible wire mesh, as 
Monel metal. 

d—Protected with hood or equivalent against weather. 


The Laboratories have passed a combined pressure relief 
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and vent fitting, fully protected with screen, for use on stor- 
age tanks and tank cars of various types. 

97. Vents for above ground tanks to be same as for under- 
ground tanks, and in addition having 40x 40 mesh screen for 
any other openings which may emit inflammable vapors, and 
have safety relief (special explosion hatches or weighted 
manhole covers) of area equal to 14% of roof area. 

98. Test-Well or gauging device shall be installed in such 
manner as to prevent escape of oil or vapor. 
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Piping and Valves. 


99. Piping handling an inflammable liquid under pressure 
must be of first-class material, carefully installed, firmly sup- 
ported, and properly maintained. The N. F. P. A. analysis 
of 102 fuel oil system fires showed 25.5% due to broken pipes, 
and 11.2% due to broken or defective fittings and valves, the 
two highest causes. 
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100. Valves are specified generously so as to admit of re- 
pair and emergency shut off under virtually any condition 
that may arise. The use of two valves in series is com- 
mon practice. See Fig. 2, page 36, and Fig. 7, page 58. 
Pressure relief in burner supply line shall discharge to storage 
tank. 

101. The use of automatic shut-off valves is recommended 
in oil lines, If a line or fitting breaks, or draft of oil other- 
wise rises much above the ordinary flow for which an auto- 
matic shut-off valve is set, it promptly closes. It can readily 
be reset, and its capacity is adjustable. 

Careless operation of oil valves was responsible for 10.8% 
of the 102 fires analysed by the N. F. P. A. 
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Heaters, Pumps, and Burners. 


102. Heating of oil, necessary in colder climates especially, 
may be done in storage tanks (to not more than 40° F. be- 
low flash point) or in special heaters using steam, water, or 
approved electrical heater. 

103. Pump feed to burners is required for heavy oil sys- 
tems. Pumps in duplicate, in cut-off room, and preferably 
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always with remote control are specified. See par. 222 for 
description of the hydraulic system available under certain 
conditions in lieu of pumps. 

104. Burners are varied in design. General requirements 
are substantial construction, independent supports, and a type 
of needle valve which will not enlarge the orifice and not 
capable of being unscrewed and removed during operation. 


Air Pressure Systems. 

105. See page 97, par. 223 for the: fundamental objections to 
feeding oil to burners or other points of consumption by air 
pressure on the storage tank. If the air pressure system is 
installed, safeguards as shown in Fig. 9 should be provided. 
Automatic shut-off valves are especially important under 
these conditions. 


DOMESTIC HEATING. 

106. A more recent development in the burning of liquid 
fuel are equipments designed for heating dwellings and also 
other buildings requiring total radiation of not appreciably 
more than 2000 sq. ft. of steam. Any type of boiler or heater 
can be so equipped, although best results are secured with 
specially designed furnaces. The fuel shortage during the 
war gave such heating its first real impetus, but convenience, 
cleanliness, uniform temperature control, and economy have 
caused rapid strides in the installation of such systems. Sev- 
eral have been passed by Underwriters’ Laboratories, 

107. All systems are designed to operate without an at- 
tendant, and certain ones are entirely automatic in action. 
They are designed to use kerosene (legal flash point not less 
than 100 degrees F.) or certain high-grade distillates of flash 
point not less than kerosene and which are delivered clean 
and free from sediment and water. 

108. Certain inherent hazards exist where liquid fuel) is 


burned, as set forth below, but a favorable fact is the elimi- 


nation of the ash hazard and of the storage of kindling wood 
and paper. Also, serious overheating, a decided hazard 
where coal or wood is burned, and roof and chimney fire 
dangers are virtually eliminated with a properly designed 
burner limited to a certain maximum oil flow per hour. 
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109. The essential points from a fire prevention standpoint 
regarding liquid fuel systems are: 


a—Auxiliary supply tank to burner not to exceed 60 gal- 
lons capacity, and heavy gage, tight metal tank to 
vent directly to outside, and to have overflow return- 
ing to main supply tank. Direct feed to burner is 
not allowed. 

b—Main supply tank to be outside, preferably underground, 
with top lower than basement floor, and with usual 
fill and vent connections. See Fig. 7. The so- 
called hydraulic system can be used to feed fuel to 
the burner. See par. 222, page 97. 

c—Inside feed tank to be filled from main supply tank by 
means of hand pump or motor driven pump, prefer- 
ably the former. 

d—Burner size and its maximum fuel capacity and air 
mixture to be established and adjusted to fit the 
specific furnace, otherwise poor combustion, heavy 
soot production, overheating of smoke pipe, and 
general inefficiency may result. 

e—Adequate gas pilot flame to be provided, and automatic 
shut-off of oil flow to result if pilot is extinguished 
or fails to ignite liquid fuel. 

f—Forced draft used to burn liquid fuel. Natural draft 
systems, used more or less for decades, do not ap- 
pear to be efficient. 

g—Only one automatic burner to be used in any one fur- 
nace. 


110, While Underwriters’ Laboratories have passed certain 
systems, the local underwriters having jurisdiction must al- 
ways be consulted regarding the installation of oil tanks both 
inside and outside. 


FIRE EXTINGUISHING. 


111. For special provisions for extinguishing fires in oil 
tanks see page 428. 


PORTABLE FORGES OR TORCHES. 
112. The use of portable oil burning devices for heating 


=~ 


4 


Common Fire Causes 63 


of metal at the job carries with it a considerable danger. In 
one case, a broken discharge pipe sprayed burning oil on four 
men, all of whom died of burns. Essential safety features in-— 
clude: 


a—Strong and periodically tested pressure tanks. 

b—Substantial trucks designed to prevent overturning. 

c—Protection of piping (especially oil) against accidental 
breakage. 

d—Relief valves to avoid excessive air pressure. 

e—Use of metal piping instead of hose. 

f—Adequate valve equipment on air and oil pipes or hose, 
all at tanks. 

g—Automatic shut-off valves on oil feed outlets. 

h—Use of devices where construction and contents of 
buildings do not invite danger. 

i—Filling outside of important buildings. 


113. Locomotive tire heating torches, employing kerosene 
and even gasolene, have been found in use. All such ap- 
paratus needs frequent and careful inspection, and should 
not be used unless in perfect repair. 


SHAVING VAULTS. 


114. Such vaults are found almost universally in plants 

_ where woodworking is carried on and shavings are burned 

under boilers. Fig. 10 shows a desirable type of vault, and 
has the following principal features: 


a—Fire-resistive construction with vents in roof to relieve 
dust explosions. 

b—Located not too close to boiler fire doors and not in 
line with them, because back draft might carry fire 
out of boiler setting, and cut-off from boiler room 
by standard fire door. 

c—Provided with cyclone to release air produced by blower 
system, and to permit shavings to drop quietly into 
vault. 

d—Facilities for feeding fuel directly to boiler or to vault, 
as preferred. Such direct feed not shown in Fig. 7. 

e—Gravity check valve in fuel pipe to boilers to reduce like- 


4 lihood of fire flashing into vault. 
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115. It is particularly important that the floor around door 
of shaving vault be kept cleaned up. 


STEAM ENGINES. 
116. Possibilities of fire include: 


a—Steam pipes, either high pressure, exhaust, or connec- 
tions to cylinder cocks, in contact with woodwork. 
The hazard is acute where high pressure superheated 
steam is used. See page 72. 

b—Wood lagging on engine cylinders is objectionable only 
where, if ignited, fire could spread to some portion 
of the structure. 

c—Placing of waste or rags on hot portions of engine. 

d—Presence of oily wooden floors and oil accumulations in 
fly-wheel pits, where fanning action of wheel will in- 
tensify fire. 


117. Because the engine room is generally the heart of the 
plant, it is particularly important that the greatest of fire 
prevention care be exercised at this point. 


ELECTRICAL. 

118. Electric power generating and utilization installations 
should in all details follow the National Electrical Codes. 
This applies to the type of apparatus, wiring, and control 
apparatus. 

119. Especial care should be taken with installation of 
motors in rooms where inflammable vapors may be present. 

120. Wooden platforms and bases of motors generally be- 
come oil-soaked, and motors should preferably be placed in 
heavy metal pans supported on metal. 

121. The definite grounding of generators and motors is 

~ advisable both from a fire and an accident standpoint, as is 
the protection of exposed contacts on the frames of the ma- 
chines. See also more detailed discussion of electrical haz- 
ards on page 31, and Fig. 3. 


PRODUCER GAS. ig 
122. Where these systems are used they should be installed 
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in accordance with the rules and requirements of the Na- 
tional Board of Fire Underwriters. All pressure systems 
should be located in a special building provided for the pur- 
pose, also suction systems where feasible, except that small- 
sized gas producers, not exceeding 250 horsepower, may be 
allowed inside main buildings under certain restrictions. 
The installation of gas producers in cellars, baser-ets, or 
any other places where artificial light will be necessary for 
their operation is considered hazardous and will not be al- 
lowed except by special permission of the underwriters hay- 
ing jurisdiction. 

123. The suction producer is far safer from a life stand- 
point in that asphyxiation is not as likely to occur as with 
pressure producers, from which carbon monoxide gas may 
leak out and overcome persons in the vicinity. Less than 
1% of carbon monoxide gas in the atrhosphere may, in a 
comparatively short time, produce death. 


GASOLENE ENGINES. 


124. The construction and installation of gasolene engines 
is covered by one of the sets of rules issued by the National 
Board. Only permitted engines should be used. Supply 
tank should be located outside underground, where possible 
30’ away from building, below the level of the lowest gaso- 
lene pipe in the building, and all piping should be arranged 
to drain back to the tank. Gasolene must be pumped to 
feed cup, and overflow from feed cup should return through 
separate pipe to storage tank. 

125. Mufflers should be located at least 1 ft. away from 
woodwork or combustible material. Exhaust must extend 
outside without being carried through any floor, and it may 
not discharge into a flue because of danger of explosion of 
vapors in such a confined space. Electric ignition only 
should be used. Hot tubes, especially if heated by gasolene, 
introduce a positive hazard. 

126. Engines are best placed on concrete floors, but where 
wooden flooring exists, steel plate extending 24 inches be- 
yond engine base on all sides shall be used to protect wood. 
Adequate drip pans must be provided. Crank cases or shields 
should be used to prevent throwing oil. 
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127. Portable engines are covered by special rules. Gaso- 
lene storage is commonly in a tank in the base of the engine. 


GAS ENGINES. 

128. Gas engines are less hazardous than gasolene engines. 
The principal features to be safeguarded are the mufflers and 
exhaust pipes and the gas bags, which should preferably be 
in metal drums vented only to the outside. Hot tube igni- 
tion heated by gas is less hazardous than where gasolene is 
used. Electric ignition, however, is preferable. 


KEROSENE ENGINES. 

129. Kerosene engines are used to a considerable degree, 
especially for portable duty as, on tractors and farm ma- 
chinery. They generally use gasolene to start, and when hot 
the cheaper fuel is turned on. Speaking generally, the haz- 
ard is about the same as with a gasolene engine and the 
same safeguards are in order. 


SELF-IGNITION ENGINES. 

130. These, principally the “Diesel,” inject oil of fairly 
high flash point and under very high pressure into the engine 
cylinders, and the heat of the compression ignites the oil 
vapor and air mixture. As the units are generally large, oil 
in considerable quantities is required, and special care in the 
installation of storage tanks is important. Only ten gallons 
of oil are allowed inside of the building for each engine as a 
supply to the high pressure oil pumps. Exhaust pipe hazards 
need safeguarding. 


WATER POWER. 

131. At first thought, a water wheel would seem to be free 
from fire hazard. Hot bearings, naked lights where oil and 
grease cover woodwork, and repair work introduce dangers, 
the remedies for which are obvious. 


POWER TRANSMISSION. 
BELTS. 
132. The two principal hazards of belts are rubbing against 
_ woodwork and producing static electricity. See page 4I. 
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133. Leather belts in both respects are more dangerous 
than fabric belts, and the larger the belt and the higher the 
speed, the greater is the danger as a rule. 

134. Where belts pass through wooden wails or partitions, 
there should be allowed ample clearance to take care of side 
play, and if the motion of the belt is such that contact with 
the opening cannot be avoided, some form of metal roller or 
guard should limit the motion of the belt. 

135. Wooden belt shifters are frequently used, and these 
should preferably be replaced with ones made entirely of 
metal, or the edges which come in contact with the belt 
should be protected by round or half-round-pieces of iron. 


ROPE DRIVES. . 


- 136. The dangers of rubbing against woodwork are sub- 
stantially the same as with belts. In addition, rope drives 
tend to throw grease and dirt, and periodic cleaning up is 
most desirable. 


SHAFTING AND BEARINGS. 


137. Overheated bearings are a frequent cause of fire, par- 
ticularly in buildings where dust and lint accumulate as in 
grain elevators and cereal mills: Good practice requires that: 


a—Shafting be well hung and well maintained, especially 
as regards alignment. 

b—Hangers and bearings be kept clear of woodwork and 
arranged to avoid soaking woodwork with oil. 

c—Self-ciling bearings be provided, which is desirable also 
from an accident standpoint. 

d—Bearings and hangers be of a type that will readily per- 
mit of cleaning, and that they be kept clean through 
periodic attention. 


PULLEYS. 


138. Slipping belts on wooden pulleys frequently have 
caused fires, especially in flour mills and similar buildings. 
Tests have shown wooden pulleys under slip conditions to 
be far more dangerous than metal ones, and that canvas belts 
are safer than rubber or leather ones. The slipping of the 
pulley itself on the shaft is a definite hazard. 
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HEATING. 


139. Certain heating hazards in connection with power 
generation are discussed beginning on page 5I. 

140. It is astonishing to observe under what apparently 
safe conditions it is possible for long continued low tempera- 
tures to cause fire. This matter is brought out under “ Fire 
Dangers of Steam Pipes.” Fig. 11 shows six specific cases of 
fires caused under conditions which the layman, at least, 
would consider safe. A particularly interesting example of this 
kind was the pair of roof fires in 1922 on the U. S. Treasury 
Building, in Washington, where heat from an oil burner, 
used to heat a kettle of roofing pitch, set fire to wooden 
roof boards through from 3” to 4” of sand. Each fire did 
considerable damage. 

141. The persistence of fire and the unbelievable manner 
in which it may spread is illustrated in a report of a Depart- 
ment Store fire which appeared in the N. F. P. A. QuarRTERLY 
of July, 1912. The gist was as follows: 


A_ rectangular boiler flue, covered with 14/’ asbestos, ran parellel to a 
fire-resistive floor made up of 12” of tile, covered with 6’ of cinder 
fill, in which rested sleepers for a wooden finish floor. The boiler flue 
covering came close to the ceiling, where two boards, used for centering 
when tile was erected, had been allowed to remain. The heat from the 
flue ignited the boards, fire crept upward between the joints in the tile, 
ignited the cinder fill, which contained considerable coke, and in turn 
set fire to the wooden floor above. The fire was stubborn, two calls being 
made on the fire department before it was extinguished. Property damage 
was slight. 

142. Roughly speaking, any heating device so installed that 
it heats surrounding wood or other inflammable material to 
a temperature of 150° F. or slightly more, and for a consider- 
able period of time, is likely to cause a fire. Every heat-pro- 
ducing device needs careful study as to possible fire hazard. 

143. Solid masses of brick or concrete are almost worse 
than no protection at all. Safety lies either in entirely in- 
combustible surroundings, or in so placing and supporting 


heat-producing devices that ample ventilation is secured. 


CHIMNEYS AND FLUES. 


144. Defective chimneys and flues rank fourth as a fire 
cause in the United States, and combined with the closely 
associated hazard of stoves, furnaces, boilers, and their pipes 
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which ranks third, produced 18.89% of all losses attributed 
to known primary causes. Admittedly the hazard is nation- 
wide; the older the average chimney or flue becomes, the 
greater the danger. Literally criminal disregard of life has 
been displayed by builders in erecting thin-walled chimneys, 
without flue linings, with joists seldom over 4” from the 
inside of the flue, and also actually let into the chimney wall 
proper. One of the most pretentious residences in the East 
was found with twelve chimneys so built, in all of which 
joists had been badly charred, but none yet quite far enough 
to get to the air, where the wood would have ignited. 

145. The National Board) Committee on Construction of 
Buildings has produced a model, practical chimney construc- 
tion ordinance, which has been endorsed by a dozen national 
associations. 

Essentials of this ordinance are: 


a—Minimum thickness of a chimney 334” (width of stand- 
ard size brick) if brick or concrete or concrete block, 
8” if stone, and 12” if rubble, in all cases to’ have 
fire clay flue lining. 

b—For dwellings, flue linings may be omitted if walls are 
8” brick with inner course refractory brick. 

e—Chimneys shall not rest upon or be carried by wooden 
floors, beams, or brackets, nor be hung from wooden 
rafters. Iron brackets or stirrups attached to wooden 
construction shall not be used to support chimneys. 
In frame buildings, chimneys shall always be built 
from the ground up or rest on basement walls. 

d—Chimneys shall be built upon concrete or masonry 
foundations properly proportioned to carry the 
weight imposed without danger of settlement or 
cracking. The foundation for an exterior chimney 
shall start below the frost line. 

e—A special cement-lime mortar is specified for chimney 
construction. 

f—Minimum clearance of wood joists, beams, and rafters 
from face of chimney is 2”, and behind a fireplace 
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146. The danger from chimneys built on brackets comes 
largely from tendency to settle and open up cracks from 
which sparks can issue. Poorly built chimneys may be 
racked by the wind, and this result in cracks being opened, 
- particularly in attics and at other points where they would 
not be readily noted. When a chimney is defective, it is 
frequently possible to build a new one on the outside of the 
structure, where it can be erected without interfering with 
the building itself. 

147. For chimneys used for power purposes, see page 52. 

148. The regular cleaning of chimneys, especially where 
wood or bituminous coal is burned, is essential to safety. 
The burning out of accumulated soot is dangerous, chiefly 
because sparks may ignite combustible roofs (see page 217) 
and, secondly, because the high heat of such a fire may carry 
through a weak chimney wall and ignite building. One argu- 
ment for a thick chimney wall is that thin walls chill and 
cause more rapid precipitation of soot at the roof line. 


STEAM. 


149. The National Board classification of fire causes in- 
cludes Steam and Hot Water Pipes. The risk is a compara- 
tively moderate one, .31% of all losses being attributed to 
such pipes. There is a danger with moderate pressure steam 
pipes, and it increases with pressure, and especially where 
supérheat is employed. Steam has temperatures of 212° F. 
at atmos. pressure; 267° at 25 lbs; 298° at 50 lbs; 338° at 100 
Ibs; 366° at 150 lbs; 387° at 200 lbs; 422° at 300 lbs. A case 
is on record of a 200 lb. 200 degree superheated pipe being 
wrapped in the same pipe covering with a fuel oil pipe. The 
latter leaked, oil saturated the pipe covering, steam ignited it, 
and an overhead fire resulted. The Collingwood School dis- 
aster was attributed to a steam pipe passing through a closet 
under the stairs. See Fig. 12. The Independence Bureau 
has written a treatise entitled “Fire Dangers of Steam 
Pipes” from which the following is extracted: 

150. Steam pipes in contact with wood are admittedly the cause of occa- 
sional fires, though, manifestly, it is impossible to make a definite statement 


of the relative hazard from this source, It must always be borne in mind 
that in fires destruction is frequently so complete that the assignment of 
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a cause is more or less a matter of conjecture. However, from our experi- 
ence and that of others interested in this subject, we have gathered re- 
liable data as to a number of cases in which steam pipes, under a variety 
of circumstances, have been without question a fire cause. 

151. There is considerable diversity of opinion as to the circumstances 
under which such fires may be expected to occur, and the local conditions 
which contribute thereto. It is self-evident that the hazard is materially 
increased where the heat is in any way confined, or where contact is with 
materials more inflammable than wood. Particular care must be taken to 
guard against the presence of materials which are notably subject to spon- 
taneous ignition, such as celluloid, coal dust, and oily waste. 

152. A number of investigators have attempted to produce fires by bring- 
ing steam pipes into contact with various combustible materials, but as the 
duration of the experiments was comparatively short, few actual fires re- 
sulted. The conclusions generally drawn, however, were that any steam 
pipe, no matter how low the pressure, would in course of time produce 
charcoal, and that when this stage was reached positive danger ee 
Charcoal is unquestionably subject to spontaneous ignition. This is due 
largely to its peculiar ability to absorb from the air many times its own 
volume of oxygen. This is held in the minute pores, which exist in all 
forms of wood charcoal. The combination of this oxygen with the carbon 
may take place with sufficient rapidity to raise the temperature to the 
ignition point. Furthermore, charcoal formed at a low temperature is 
known to have a low ignition point. 

153. Where steam is kept on a system continually there is less danger 
than where on intermittently, according to some investigators. The reason 
advanced is that when allowed to cool the charcoal has a better oppor- 
tunity to absorb oxygen than if kept hot at all times. Another factor is 
moisture. Experiments have shown that charcoal, once wet and dried out 
afterwards, is more dangerous than that which has remained dry, ignition 
points being well below the boiling point of water in a number of labora- 
tory tests. 

154. In our opinion reasonable precautions should be taken to keep 
steam pipes from contact with woodwork or other combustible material. 
This is of more importance with high pressure than with exhaust steam 
Pipes, and more so in confined spaces than out in the open where there is 
free air circulation and freedom from accumulation of combustible dust and 
dirt. 

155. Combustible material should not be allowed to rest against or sur- 
round the pipes. The overhead method of piping is generally preferred. 
Steam heating becomes a special hazard when used for kilns, dry boxes, 
caul boxes, etc. In such cases the heat is usually high and long-continued, 
and sawdust, chips, and shavings are liable to collect around the pipes 
and cause fire. 

156. There are two general methods of keeping steam pipes free from 
contact with combustible material, first being through the use of an 
insulator, such as pipe covering, and the second by supporting them 
rigidly at a safe distance. Wherever pipes pass through concealed spaces, 
covering should preferably be carried for entire length, to avoid future 
contact with substances which may get into these spaces. lig. 12 illus- 
trates desirable principles, which, while shown applied to certain specific 
problems, can be adjusted to fit practically all conditions. 


HOT WATER. 


157. Hot water heating systems, in so far as pipes are con- 
cerned, are considered to be practically non-hazardous. The 
pipe temperature is ordinarily well below the boiling point of 
water, and hence incapable of igniting wood. A hot water 
pipe can, however, materially stimulate spontaneous combus- 
tion. 
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HOT AIR. 


158. The chief hazard from this method of heating comes 
from the blower or intake, for it is evident that a fire at this 
point may be blown through the building. A case is on 
record where a plant consisting of nine structures was de- 
stroyed by such distribution of fire. The blower should be 
kept clean, and, to facilitate internal inspection and cleaning, 
there should be a door giving*access to the blower case. 
Blower should be kept well oiled and properly adjusted, and 
the bearings should be on outside to prevent oil from getting 
into case. ; 

159. Intakes should be located so as to be safe from sparks, 
and air should be taken from outside through a screened 
opening. It is exceedingly undesirable to take air from in- 
side of building, if there is any possibility of fire starting at 
that point. Systems arranged to circulate air in a building, 
that is, to take air from the various floors through suction 
pipe and then deliver it back again, are especially to be 
feared. The National Board rules contain diagrams of fusible 
link controlled dampers in ducts, and these are occasionally 
advisable. Automatic stopping devices for fans or blowers 
are sometimes used. See the National Board rules of Heat- 
ing and Ventilating Systems, and Stock and Refuse Convey- 
ing. 

160. Hot air heating for dwelling houses, contrary to the 
common impression, involves considerable fire hazard. Es- 
sential safeguarding measures include: 


a—Ceilings closer than 3 feet to heating boilers, furnaces 
and stoves, and over fuel storage other than anthra- 
cite coal or coke, shall be plastered on metal lath to 
extend not less than 12 inches beyond the outline 
thereof. 

b—Horizontal hot air furnace pipes must be not nearer 
than 6” from wooden floor beams or wood lath and 
plaster ceilings unless protected with at least 1%” 
of asbestos or metal lath and plaster, in which cases 
the clearance may be reduced to 3”. 

c—Hot air pipes passing through combustible partitions or 
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floors must be double metal pipes, with at least 1” 
air space between them. 


d—Hot air pipes in partitions shall have not less than 3%” 


air space between double walled pipes or be covered 
with at least %4” of asbestos, and neither the outer 
pipe nor the covering shall be within 1” of wooden 
studding. Metal lath and plaster shall be used on 
channels where hot air pipes are run. 


e—At least one register should be without valves or louvers 


to prevent overheating of furnace. 


RANGES. 


161. Ranges of the hotel type resting directly on the floor 
are more hazardous than stoves on legs. See Fig. 11 for ex- 
amples of what may happen with ranges where conditions 
would ordinarily be deemed safe. The chief features hearing 
on fire safety are: 


a—Ranges to rest preferably on incombustible floor con- 


struction, but if not possible, to be placed on steel 
I-beams about 6” high to afford definite ventilation, 
and these beams in turn to rest upon large sheets of 
zinc extending well in front of range and to both 
sides. There must be ventilation; boxing up the 
space will not answer. See par. 162c. 


b—Ranges to be placed against brick or other incombustible 


wall, and if wall is wood or wood lath to be set away 
at least 24”. See also par. 162a. 


c—Stove pipes to be treated as set forth in par, 162b. 
d—Hoods by means of which vapors are taken off to be 


kept free from grease and dust, and the same thing 
to be true of the separate ventilating flue to which 
such hood should connect. This flue should be the 
equal of a chimney. Many dangerous fires have re- 
sulted from sheet metal vent flues becoming red hot 
and setting fire to the building; often at some distance 
from the kitchen. 


COAL AND WOOD STOVES. 


162, The hazards of coal and wood stoves, aside from com- 
bustible material being left too near them, are milder than 
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ranges, because they generally are smaller, are not provided 
with hoods in which grease can accumulate, and are supported 
on legs away from floor. The essential safety features in- 


-a—Any combustible partitions within 24” of a range or 


stove shall be protected against heat for a space 
equal to the length or .width of the range plus 6 
inches on either open side or end and from the floor 
to the ceiling, where stove pipes occur, and not less 
than 4 feet high elsewhere, by using special protec- 
tive construction not less than the following: 


Sheets of cellular asbestos, not less than 34-inch thick, to be 
nailed to the studs, completely covering the areas just mentioned. 
Over this place metal lath arranged to have an air space of 1 
inch from face of asbestos to face of lath either by using plain 
lath on non-combustible furring blocks, rings or strips, or by 
using metal lath of self-furring types. 

The metal lath to be then plastered with three coats of the 
same plaster as the remainaer of the room, or one coat covered 
with tilework or slate. 

‘The corners of the shield or rrotection thus formed shall project 
one inch and be chamfered or rounded back to the wall and the 
wood skirting shall be butted against same and omitted at back 
of or at ends of ranges. 


b—Stove pipes shall be kept in good repair, with tight 


joints, well supported, and regularly cleaned. The 
best installation rules call for the following: 


Smokepipes shall enter the chimney horizontally, connecting to 
the flue through the chimney wall with round tile or metal 
thimbles set in the chimney with cement mortar. 

Connecting thimbles shall fit the smokepipe snugly and_ shall 
be provided with a metal collar, secured to the chimney. 

Smokepipes shall be located not closer than 24 inches to any 
woodwork. nor closer than 6 inches to any metal latu and plaster. 

Smokepipes shall not pass through combustible floor, roof, parti- 
tion, or wall construction unless a section of the construction is 
removed and the smokepipe is insulated from the construction by 
a galvanized iron, double walled, ventilated thimble having a 
diameter of not less than 12 inches larger than the pipe, or by 
not less than four inches of incombustible construction. 

Smokepipes shall not be permitted in closets nor in concealed 
air spaces and shall not be permitted to connect with the chimney 
in the attic or garret. 

All smokepipes shall be firmly connected at the inlet and outlet 
ead ae be securely anchored in position throughout their 
ength. 


c—Floor protection to consist of zinc plate extending at 


least 18” in front of stove, 12” beyond each side, and 
back to wall. 
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FIREPLACES. 


163. Improperly built fireplaces are a decided fire menace. 
Thin walls, combustible material against their backs, com- 
bustible mantels, combustible finish on face of chimney, and 
unsafe hearths are common causes of fire. Fig. 13 shows the 
standard fireplace construction as recommended by the Na- 
tional Board Building Code. 
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164. Screen protection, partly to keep sparks from jumping 
out onto the floor, and partly to prevent children and adults 
from having their clothing ignited, are essential for every 
fireplace that is used, even if only occasionally. 


ASHES. 
165. There is a case on record of a ten-year-old ash dump 


catching fire spontaneously. Ashes, even if known to be 
cold or wet, should never be stored in or in proximity to 
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combustible material. Storage in cans or on cement floors 
is proper. Mixing inflammable refuse with ashes causes 
many fires. 


GAS STOVES. 


166. See page 42 for general hazards of gas and gas con- 
suming devices. See also Fig. 11. If stoves are of the hot 
plate type, they should preferably. be placed on all metal sup- 
ports, or if they must be placed on wood, at least %” 
asbestos protection covered with zinc should be provided. 
Pipe connections are essential, as is keeping combustible 
material from their vicinity. Large gas ranges may require 
the same treatment as coal ranges, and should be connected 
to a regular flue. This is vitally important for the instan- 
taneous type of water heater. 


PRESSING IRONS AND HEATERS. 

167. The electric pressing iron hazard is discussed on 
page 40. Gas heaters used for irons should be treated as gas 
stoves, for which see preceding section. 

168. Pressing irons with gas burners inside may become 
exceedingly hot and they require supporting stands with at_ 
least 3” of clear air space separation between the base of the 
iron and any combustible material upon which the stand may 
rest. "The best design calls for a metal bracket or shelf set 
away from the wooden table or board. Good tubing, well 
mantained, with shut-off cock at pipe end of tubing is essen- 
tial. 


GASOLENE STOVES. 

169. These are unquestionably hazardous, and should never 
be used if avoidable. Where used, they should be of the 
type permitted by the Underwriters’ Laboratories, with re- 
movable oil font that can be taken outside for filling. 


KEROSENE STOVES. — 

170. A far safer device than a gasolene stove is the blue 
flame kerosene oil stove. Where coal, wood, or gas is not 
available, kerosene should be the fuel. 
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ELECTRIC HEATERS. 


171. For detailed discussion of electrical hazards along 
heating and other lines see pages 34 to 42. 


ALCOHOL STOVES. 


172. The chief danger of these stoves lies in spills of burn- 
ing alcohol and in combustible material coming in contact 
with them. Stoves, if used, should rest upon a liberal-sized 
metal tray. The newer design of stoves using alcohol in 
solid form reduces the hazard somewhat. 


FORGES AND FURNACES. 


173. In industrial plants there is found a large variety of 
forges, furnaces, kettles, kilns, ovens, retorts, and other de- 
vices heated by gases, liquids, solid fuels, electricity, and 
steam, both of the stationary and portable types. The 
fundamentally important principles include: 


a—lInstallation with due regard to possibilties of igniting 
woodwork. See page 609. 

b—Where gas is burned, use of pipe instead of tubing, and 
provision of adequate and safely located shut-off 
valves. See page 44. 

c—Proper disposal of ashes. : 

d—Indicating lights to show when electric current is on 
devices. 

e—On page 62 will be found data regarding portable types 
of oil burning forges and furnaces. 


174, An important item in connection with gas burning de- 
vices is to have valve arrangement such that the higher pres- 
sure air supply cannot be forced back into the gas system 
with ultimate possibilities of explosion, especially in the meter. 
In other words, there should be one valve on gas supply and 
one on air supply, but no valves on the joint line leading to 
the device. 

175. Gas heated furnaces, commonly found on wooden 
benches, can advantageously have section of wooden bench 
cut away, steel plate placed over opening, and gas furnace 
fastened centrally on such plate. See Fig. rr. 


_ 
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JAPANNING AND ENAMELING OVENS. 


176. Japanning and enameling ovens, which are used in 
connection with coatings containing inflammable solvents, 
are found to a considerable degree in metal working indus- 
tries, ranging from very small work to automobile parts. 
The record of such ovens has not been good, serious life as 
well as property loss being recorded. An N. F. P. A. analy- 
sis of 174 fires due to japan and lacquer gave as principal 
known causes for japan: overheated ovens, 16.8%; explo- 
sions at ovens, 15.3%; smoking, matches, and open flames in 
presence of japan, 13.0%; heat from oven igniting nearby 
material, 9.2%. For lacquer the principal known causes were: 
matches or open flames in presence of lacquer, 32.6%; ac- 
cidental sparks, 16.3%; lacquer spilled on hot pipes, 9.3%; 
overheated ovens, 7.0%; spontaneous combustion of lacquer 
refuse, 9.3%. Furthermore, 11 lives were lost in a 3-story, 
brick-joisted, unsprinklered button factory in Newark, in 
1918, when a motor spark ignited nearby lacquer. The 1922 
Proceedings of the N. F. P. A. contain a treatise on the 
dangers and the necessary safeguards, from which a few 
high points are here presented. 


a—The source of heat may be steam coils, hot air from a 
remote source, hot oil circulating in pipes, gas, or 
electricity. The essential safeguards are: 

b—Steam: metal supports and no traps to produce water 
hammer. 

c—Hot air: remotely located fans using outside air with- 
out re-circulation. 

d—Hot oil: detached oil heating furnace and pipes, no ex- 
pansion tanks or reservoir near oven; 600° flash point 
oil; automatic stop valve in oil supply to burners. 

e—Gas: No connection between combustion tubes and 
oven proper; burners so located that fumes not likely 
to reach them from dipping room or front of oven. 

f—Electric: Heating elements out of line of dripping and 
with screen protection; automatic temperature regu- 
lation; remote control and instruments. 

g—Ventilation of Oven: Adequate to prevent accumulation 
of explosive mixture. 
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h—Location of oven away from high values or many peo- 
ple, preferably in detached 1I-story building, above 
grade, on account of heavy fumes being produced; 
not erected on wooden floors. 

i—Under some conditions ovens require explosion covers. 


“177. A recent development has been the succesful use of 
a water japan, representing a very mild hazard compared 
with one using an inflammable solvent. 


SALAMANDERS. 


178. On construction jobs in particular, and also in un- 
heated shops, are found in winter numerous salamanders, 
often decrepit metal drums with a few holes punched in them. 
Where there is combustible material around, as is likely to 
be the case on a construction job, there may be acute fire 
hazards, and as there are no chimney connections, and poor 
combustion often occurs, there is danger of carbon monoxide 
poisoning. Reasonable safeguards where salamanders must 
be used are: 


a—Reduce use to a minimum; provide safer forms of heat 
if possible. 

b—Use a safe, rugged design of salamander. 

c—Have locations where used subject to approval of some 
one in authority. 

d—Keep them out of traveled passageways or points where 
they may be upset by work going on. 

e—Burn coal or coke only; wood produces a serious spark 
hazard. 

f—Make sure that extinguishing apparatus of non-freezing 
type is available. 

g—Do not use them where there is no watch service after 
the end of the working day. 


SAND DRYERS. 


179, In many properties, especially those of steam and 
electric railways, sand has to be dried in large quantities. 
The enclosure in which dried sand is confined should be en- 
tirely non-combustible. Sand holds heat for a long period, 
and fires have been caused from steam coils even when the 
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wooden enclosure was at a reasonable distance from the 
coils themselves. Where stoves are used, the smoke pipe or 
flue hazard also exists. 


TORCHES. 

180. Gasolene torches are commonly used for repair pur- 
poses, and should be filled and kept, when not in use, outside 
of important buildings. Torches leak not. infrequently, and 
when left inside, particularly in lockers, constitute a fire haz- 
ard of no inconsiderable proportion. The risk of burning 
off paint is often very acute. The use of a paint remover, 
although dangerous, is usually less so than the use of a torch. 

181, Kerosene torches work upon the same principle as 
gasolene ones, are in successful use, and should be employed 
where possible. 

182. On a small scale and for small work, alcohol torches 
are used, and are unquestionably less hazardous*than gaso- 
lene. 


HOUSEKEEPING. 


183. Good housekeeping, by which is meant proper atten- 
tion to matters of cleanliness and order, is the foundation of 
effective fire and accident prevention. Not only is the direct | 
effect decided, but the important indirect value of the influ- 
ence of a-clean plant on the working force is also great. It 
produces respect for orders, greater personal care, and bet- 
ter upkeep of equipment. 

184. There is a tendency to assume that so long as com- 
bustible refuse is not allowed to lie about a plant, house- 
keeping is satisfactory from a fire prevention standpoint. In 
so far as eliminating causes of fire is concerned, this is prac- 
tically true, but to make for generally good conditions, and 
to put forward accident prevention, the nearest possible ap- 
proach to immaculate housekeeping is advisable, and the 
rule “A place for everything and everything in its place” 
should be enforced. 


REGULAR CLEANING. 
185. The maximum result for the minimum effort comes 
from daily or even more frequent sweeping up and collection 
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of refuse. Employees should be required to minimize the 
cleaning required by depositing in receptacles provided for 
that purpose, and as produced, all dirty waste, refuse, pack- 
ing materials, etc. Condition of floors, methods of piling 
or racking materials, illumination, and cleaning equipment, 
as well as capable men, bear on the desired result. 

186. Refuse barrels and waste cans, as described later, 
should be emptied preferably each day at the end of the day. 
Leaving material till morning may result in a night fire. 
Special trucks for collecting receptacles or their contents 
make for economy in a large plant. The use of baling presses 
for large accumulations of waste paper is good practice, par- 
ticularly where paper stock and press are located in a cut-off 
room under sprinkler protection. 

187. Inspection, after the cleaning is supposed to be com- 
pleted, is resorted to in many plants. Foremen, in rotation, 
spending an hour or two in this work are used by a plant 
whose housekeeping is practically perfect. 


OILY MATERIALS. 

188, Oily waste, oily clothing, and finishing rags, partic- 
ularly if containing oils subject to spontaneous ignition, such 
as linseed, cotton seed, and other vegetable oils, are highly 
dangerous. Animai oils are dangerous; mineral ones. much 
less so. All oily or dirty waste must be treated properly if 
fire hazard is to be avoided. See page 103 for spontaneous 
combustion. ; 

189. Oily sawdust, lint, etc., are also subject to spontane- 
ous combustion. For all such materials in ordinary quanti- 
ties, the National Standard waste can, shown in Fig. 14, is 
best. Approved cans bearing the label of the Underwriters’ 
Laboratories are particularly substantial. For large amounts, 
heavy metal barrels with loosely fitting covers (so they will 
not be hard to get on and off) are recommended. 


CLEAN WASTE. 

190. This is generally considered to be mildly hazardous, 
chiefly because it is readily inflammable when not baled, and 
there is always the likelihood that dirty waste may become 


jus 
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mixed with it. Occasionally fires are reported in clean waste 
where there seems to be no question but that spontaneous 
combustion was responsible for the outbreak. Moisture is 
usually a factor in such cases. Reclaimed waste is unques- 
tionably somewhat more dangerous than new waste. It is 
now common practice to handle clean waste in the same man- 
ner as dirty waste, although it is quite obvious that the fire 
hazard is materially smaller. 

191. Principal supplies of clean waste are best kept in bins, 
either made entirely of metal or of wood lined with metal, 
and provided with covers which are kept normally closed. 
Several bins may be provided where the supplies are large, 
or where different kinds of waste are kept. The covers on 
such bins should preferably be counter-weighted so that they 
may be readily raised and lowered, and counter-weight ropes 
can have fusible links to insure automatic closing of covers 
in event of fire. See Fig. 15. Local supplies of clean waste 
are usually kept in small waste cans, properly marked. 

192. By providing local supply points for clean waste, it 
will be possible to get away from the customary practice of 
keeping waste in clothes lockers, drawers, benches, and simi- 
lar points. There is the danger that if clean waste is allowed 
in such places, some which is more or less dirty will also be 
placed there, with possible resulting fire. 


DRIP PANS. 


193. Metal drip pans are essential at many locations, 
notably under motors, machines using cutting oils, bearings, 
and in connection with borings and turnings that may con- 
tain some oil. Wooden boxes, especially filled with sawdust, 
are particularly objectionable. Sand is the best absorbing 
material where one must be used. Regular emptying, pre- 
ferably at the end of the day, is recommended. 


PACKING MATERIAL. 


194. Excelsior, straw, sawdust, burlap, etc., are all danger- 
ous, and should be treated similarly to clean waste, except 
that where large quantities are used special vaults or store 
rooms frequently are needed. Automatic sprinklers are de- 
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sirable in such rooms, even if the balance of the plant is not 
protected. 


LOCKERS AND CUPBOARDS. 


195. The danger from lockers lies chiefly in lack of cleanli- 
ness, particularly as regards oily or painty clothes, and oily 
waste or rags. Pipes and cigars, not extinguished before be- 
ing placed in lockers, and matches are also objectionable. 
All of these dangers are minimized with metal lockers or 
rigorous inspection of wooden ones. 

196. Metal lockers should be of such size that clothing 
may all be hung up, and have solid backs and solid dividing 
partitions rather than those made of expanded metal or wire 
screen, as any fire can more readily be confined to one locker 
with the solid type of construction. The “two high” locker 
is unsatisfactory. It will not hold clothes without mussing 
them and hence they are often kept outside. Punched plate, 
expanded metal, or screen doors are used in connection with 
such lockers. The punched plate doors have the advantage 
of keeping out dust and dirt, and are therefore preferred by 
employes. Improvements can be effected in wooden locker 
installations by providing them with screen or expanded 
metal doors, in order that interiors can, to a certain extent 
at least, be seen without opening them. 

197. Where automatic sprinklers are installed, expanded 
metal or screen tops are necessary to enable water from 
sprinklers to reach contents. Paper can be pasted on top to 
keep dust out. Sloping tops are advisable both from the fire 
and the accident prevention standpoints, as material cannot 
be placed on top of a locker so designed. 

198. Wooden supply cupboards constitute a fire hazard in 
such places as machine and paint shops, where woodwork 
becomes oil or paint soaked, and where there is a possibility 
that clothes or oily waste will be left in same. At all such 
points, regular inspection is necessary to make certain that 
proper conditions of cleanliness are being maintained. The 
ideal cupboards for tools and similar materials are ones made 
entirely of steel. Wooden ones.lined with metal are a step 
in the right direction. 
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BLOWER SYSTEMS. 


199. National Board Rules cover Blower Systems for Heat- 
ing and Ventilating and Stock and Refuse Conveying. Cer- 
tain essential safeguards for heating and ventilating systems 
are covered under Hot Air, on page 75. Stock and refuse 
conveying is generally far more hazardous. The rules for 


safeguards are specific. General ones are: 
x s 


a—Blowers through which inflammable materials pass shall 
have blades of composition, copper or brass. Ample 
clearance shall be provided for all blades. 

b—Ducts for conveying stock and refuse shall be made of 
suitable non-combustible materials, preferably gal- 
vanized iron. - All joints shall be riveted or lock- 
jointed and soldered. 

c—Suitable tight-fitting sliding clean-out doors shall be 
provided on all conveyor ducts at sufficient intervals 
to facilitate_cleaning of ducts or removing obstruc- 
tions. 

d—Suction ducts shall be provided at all machines produc- 
ing dust or combustible refuse, and shall be connected 
to exhaust fans. 

e—“‘Sweep-up” pipes should be so protected as not to ad- 
mit material which would be large enough to damage 
blower. 

f—Trunk line should be run on the outside wall of the 
building with ducts from each machine and each floor, 
passing out directly through the wall and discharg- 
ing into the trunk line. If inside of building, the 
trunk duct shall be overhead rather than under the 
benches. 

g—The air vents from the system shall discharge outside 
of building. 

h—The cyclones or separators shall be outside the build- 
ing, and so located as not to constitute a hazard to 
adjacent structures. Their construction and supports 
shall be of incombustible material. If the cyclone of 
necessity is placed within 10 feet of wooden walls, 
inflammable structures, or openings into buildings, 
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it shall be provided with a metal pipe extending to 
a point above the main roof, or other safe location. 

i—The refuse from the cyclones and separators is to dis- 
charge by gravity into a vault. See page 64. 

j—If the discharge from the cyclone or separator conveys 
the refuse directly to the fire boxes of boilers, the 
feed spout shall have an open end discharging into 
a suitable receiver néar the furnace, so that when the 
furnace gets choked the refuse will fall out on the 
boiler room floor giving the fireman a warning, also 
it would prevent “back fire” when the fan blowing 
the refuse is stopped. 

k—The dust from sand-papering machines, granulators and 
pulverizers, buffing or polishing wheels, emery 
wheels, and from other machines producing a very 
fine dust, shall have a suction system independent 
of the cyclone, which connects with the refuse vault. 

1—The dust should be settled by spraying in an enclosed 
chamber of incombustible material, thus eliminating 
the hazard of the dust room. Dust from the ma- 
chines may also be discharged directly into running 
water if suitable provision is made for its collection 
and removal. 

m—For mills, such as malt, cereals, sugar, celluloid, etc., 
it is recommended that an explosion flap be provided 
in a metal pipe leading outside of the building so 
that in case of an explosion in the mill the flap may 


open and the explosion spend itself outside the build- 
ing. 


OILS AND PAINTS. 


200. As here discussed, the subject of oils deals with lubri- 
cating and paint oils. See page 55 for fuel oil, and following 
pages for more volatile liquids. Oils and paints constitute 
a considerable fire hazard, chiefly because spontaneous com- 
bustion in connection with waste, finishing rags, burlap, saw- 
dust, etc., is possible, and because, once on fire, stocks of 
this kind burn with fierceness and are hard to extinguish. 


The following general sugggestions merit careful ‘considera- 
tion, 
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LARGE STORAGE. ; 

201. If a plant uses any oil in tank car lots, underground 
buried tanks (pits are objectionable because vapors can ac- 
cumulate) or above ground tanks protected by retaining 
walls or enclosed in earthern embankments are advisable. 
Supply of oil for regular use can properly be drawn from 
underground tanks by pumps located in the oil house, and 
occasionally, by special arrangement with the Underwriters, 
such pumps may be located in a manufacturing building or 
in a garage. Sometimes a small adjoining but cut-off room 
is used. 


OIL HOUSE. 


202. For the usual plant supplies of oils or paints, a sepa- 
rate, preferably detached, oil house is generally desirable. 

203. If the quantities of oil purchased are small and a 
building is unusually well built, as, for example, a fire-resis- 
tive power station, an oil house is hardly necessary. It does 
not follow that an oil house need be of expensive fire-resis- 
tive construction, although this form of construction is best, 
particularly if it has to be comparatively close to other build- 
ings. If considerable open space exists, an oil house can be 
constructed economically of corrugated iron on steel or tim- 
ber frame, and perhaps with a concrete floor to encourage 
cleanliness. 

204. Fig 16 shows a plan and an elevation of a model oil 
house of strictly fire-resistive construction. The following 
specifications accompany the drawing: 


CONSTRUCTION. 
Walls—Brick, stone, or concrete. 
Roof—Concrete without exposed steel. 
Floor—Concrete, drained to one point. 
Sill—Raised about 6’’ from the floor. 
Door—Standard metal or tin clad, automatic sliding or swinging. 
Windows—Metal frame and wired glass. 


OIL HANDLING. 

Oils of which large quantities. are used to be outside, in underground 
tanks with pumps inside building. 

Vents from tanks to be carried above roof, down-turned at upper end 
and secreened. 

Other oils in barrels or large cans to rest on concrete well above floor. 
Small cans on metal shelves. 

Drain to run to sewer or other convenient point, and to have deep 
trap. 

Drip pan to be provided as shown. 
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SUGGESTIONS FOR ConSTRUCTION AND EQUIPMENT OF AN O1L House. 
(Courtesy of Independence Bureau.) 
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EXTINGUISHING APPARATUS. 


Hose Nozzle Inlet—Three-inch pipe through wall with swinging cap 
enclosure on outside. 

Steam Jet—About 2’ high pressure connection, with controlling valve 
inside building and hand wheel through wall to outside. 

Chemical Extinguishers—Foam or one or two carbon tetrachloride ap- 
proved extinguishers, and preferably also a soda-acid extinguisher. 

Sand Pails—For small oil house, three sand pails with large scoop on 
shelf at door. For large oil house, bin of sand with scoop shovel. See 
page 454. 


MISCELLANEOUS. i 


Heating—By steam coil aboye barrels, and at least 6’’ from wall. 
Supply pipe to be covered from _ floor. 

Lighting—Wiring to be in conduit with keyless sockets and vapor-proof 
globes. Controlling switch and fuses to be outside. 

“No Smoking” signs to be provided. See Fig. 20. 

Waste Can—to be National Standard type with gravity closing cover. 


205. Many of the principles set forth can be successfully 
adopted even in a building which is not a model of its kind. 
The underground storage of the principal oils handled has 


-not only a great advantage from a fire standpoint, but it per- 


mits of the construction of a building small in comparison 
to the quantity of oils handled. The use of permitted storage 
tanks and pumps is urged. 

206. An oil house should have as little combustible mate- 
rial in its construction as possible, as wood readily becomes 
oil-soaked. For example, barrels should not be placed upon 
wooden racks, but either upon the cement floor directly, upon 
concrete blocks, or on iron pipe or rail frames. Out-of-the- 
way corners in which waste and similar materials can ac- 
cumulate should be avoided. For this reason, a concrete 
base is to be preferred. 

207. If an oil house is located at a point where sparks 
might get into it, or where there is danger of passersby 
throwing cigar or cigarette butts or matches into the build- 
ing, the walls should be made as nearly windowless as pos- 
sible on the exposed side, and the windows which are neces- 
sary should be provided with %” to 14” galvanized iron 
screens. 


INSIDE OIL ROOM. 

208. Occasionally, where an outside oil house is not feas- 
ible, an oil room is built inside of a building, and the same con- 
struction features as above set forth are desirable. Such a 
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step must only be taken with the approval of the Under- 
writers having jurisdiction. The objection to such a room 
may be great in a poorly built structure, and small in a 
first-class fire-resistive one. 


PUMP TANKS. 


209. In addition to the use of permitted forms of pumps 
(measuring if desired) for drawing oil from underground 
supply tanks, individual heavy metal pump tanks generally 
about 60 gallons capacity are placed in oil houses, oil rooms, 
engine rooms, or even in manufacturing or mercantile areas 
for providing and handling safely a moderate amount of 
fluid. Where liquids of high flash point are handled, “such 
tanks introduce very little hazard, and the use of pump tanks 
should be encouraged. 


LOCAL SUPPLIES. 


210. Almost every plant requires local supplies of oils and 
paints to facilitate operation. Advisable rules are: 


a—Have supplies as small as possible—a one day’s supply 
being good practice. Return unused material to oil 
house at end of working day. 

b—Use only metal containers. 

c—Keep these in a steel pan supported on steel frame or 
brackets. Wood soon becomes oil-soaked. See Fig. 
17. 

d—The minimum protection advisable for wooden benches 
and shelves is zinc covering. 


GASOLENE AND OTHER INFLAMMABLE 
LIQUIDS. 


211. Petroleum and its products is the ninth most serious 
cause. See page 30. Undoubtedly a large percentage of 
these losses have been due to the more volatile and conse- 
quently more hazardous petroleum products. The preceding 
section of this book deals with oils and paints, and on page 55 
will be found data regarding fuel oils. 


212. There are extant today, bearing on this problem, the fol- 
lowing sets of regulations: 
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a—N. F. P. A., 1923, Containers for Storing and Handling In- 
flammable Liquids. 

b—N. F. P. A., Oil Burning Equipments and the Storage of Oil 
Fuels. 

c—N. B. F. U., 1921, Suggested Ordinance Covering Use, Hand- 
ling, Storage, and Sale of Inflammable Liquids. 


Fic. 17. Merar O1t Can Rack WITH Drip Pans 


213. There is some discrepancy as between these regulations, 
which, no doubt, will be eliminated in due course. For conditions 
governing storage tanks and oil-burning safeguards, see pages 55 


to 62. 
214. The 1923 regulations divide all inflammable liquids into 


three classes according to flash point as follows: 
Class 1—Liquids with flash points below 25° F. Closed Cup 


Tester. 
Class 2—Liquids with flash points above that of class 1 and 


below 70° F. Closed Cup Tester. 


~*~ 
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Class 3—Liquids with flash points above that of Class 2 and 
below 200° F. Closed Cup Tester. 


215. Flash points to be determined with the Abel-Pensky or 
the Pensky-Martens closed cup tester. For commercial use where 
the flash point is not within 9 degs. F. (5 degs. C.) the Tagliabue 
open cup tester may be used, provided that the flash point as given 
by the Abel-Pensky or Pensky-Martens testers shall be authorita- 
tive in all cases. 


216. The N. F. P. A. made a study of 1,000 fires due di- 
rectly to hazards of benzine, benzol, gasolene, naphtha, fuel 
oil, alcohol, kerosene, ether, or other inflammable liquids of 
the same general type, covering an experience of I7 years. 
The records show the number of fires in these materials to 
have been as follows: 


Percentage 
Name. Number of Fires. of Fires. 
TEN ZINE 4k dealer ec oe 771 fe 
PAT COMO! © coi Tiles. va «sins, SRR ae 65 6.5 
Bel @le nel asics « 3 cc. eee 64 6.4 
IS CLOSENE LA s:siencicie: ais: +c ES 46 4.6 
Unknown @ir.Sw sanodeds «lbsek 54 5.4 
TROLEN 2G Soke = CE ee 1,000 100 


217. The term benzine includes also benzol, gasolene, and 
naphtha. 

218. Particular attention is called to the efficiency of 
sprinklers in controlling fires of this kind. 618 fires took 
place in sprinklered plants, and 588 in sprinklered sections. 
The average number of heads opened was 9.15 with wet, and 
15.77 with dry systems. 

219. See tables Nos. 40 and 41, page 736, for Explosion 
Temperatures and Explosion Range of Gases. 

220. The inherent hazards because of inflammability and rela- 
tively great weight of vapors, which causes them to disperse slowly 
and to seek low places, make the storage and handling of the usual 


commercial inflammable liquids a matter of great moment from a 
fire prevention standpoint. 
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221. The classification of causes is given as follows: 


No of 
Causes of Fires. Fires. 
Grew FPinmes!? 20) 2232.6 Mia atk 2 240 
DEAEGHES® 02 270 Gite Reo ehiisiasleet . 135 
Static or Frictional Electricity .......... 100 
Miectric Spatksh-.F? 2240. SLs! DER AN. 62 
Miscellaneous Explosions ............... 60 
Betects an Devices) eT iene? 58 
Carcless*Use of Devices*.o)02029..242.9% 54 
Miscellaneous’ Sparks (i 2's 00 pole. 10.82 44 
Explosions of Lamps, Lanterns, and Stoves 42 
PalLokinig,US9250, RELY IRMA II, RTA, 30 
Automobile Back-firing and Cleaning .... 29 
Pansecllaneous 922 S029, AGU PAIS 2H. 45 
De PRUE re ee on Matis ac nw net ss ma eb tes 899 
Cause Indeterminate, not Reported, or 
RIVET hae Seo oo cree ova ee cac'e sit c.octee es IOI 
SS i eg eae Ca as Ae ee ee ne 1,000 


STORAGE AND HANDLING. 


Per Cent of 
Total Known 
Causes. 


20.7 


222. The Hydraulic system, which discharges liquids not 
miscible with water by the admission of water at the bottom 
of the storage tank, is the safest known because no air and 


vapor mixture exists in such a system. 


223. Air pressure used for discharging any form of in- 
flammable liquid from a storage tank is inherently hazardous 


because: 


a—Broken pipe or fitting in the building will discharge 
large quantity into a fire, or may be the cause of a 
fire. With a pump system, the limit of flow is the 
capacity of the pump, which is generally small. 

b—The storage tank or a fitting may fail, due to over-pres- 


sure or defective construction. 


_ c—When tank is refilled, it is necessary to release a large 


amount of air charged with vapor. 
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224. Where pressure systems are used, they should be 
especially weli installed, operated at low pressure, provided 
with relief valve on tank, and automatic shut-off valves in 
discharge lines. See Fig. 9, page 60. 

225. Portable tanks are commonly used for filling purposes 
in garages and for replenishing local supplies in some in- 
dustrial plants. A number of types are passed by the Lab- 
oratories. Capacity is usually not over 60 gallons. 

226. Safety cans which will not leak when inverted, and 
which are substantially constructed, should be used for local 
small supplies of gasolene, benzine, and similar substances. 

227. Cleaning parts of machinery with gasolene is hazard- 
ous. It is possible to obtain practically as good results with 
kerosene, and this is strongly recommended instead. 

228. Permitted appliances, passed by Underwriters’ Lab- 
oratories, should be used in connection with storage or hand- 
ling of inflammable liquids. 

229. Insurance Requirements on the storage and use of 
gasolene and similar liquids are generally rigorous, and spe- 
cial care should be exercised to see that these are not vio- 
lated. 


DIP TANKS. 


230. The increase in automobile manufacture in particular 
has greatly increased the use of dip tanks, and very large 
tanks (capacities up to 10,000 gallons and several in one room) 
are necessary. They are widely used in industries for im- 
pregnating coils, coating parts prior to japanning or enamel- 
ing, and for painting in lieu of handwork. As the coating 
material is almost always cut with a highly inflammable sol- 
vent, the fire hazard is considerable. A special report in the 
1922 Proceedings of the N. F. P, A. outlines the hazard and 


advisable precautions. See also page 81. Essential recom- 
mendations are: 


a—Dipping room floor level to be above ground and nat- 
’ ural drainage for heavy vapors secured to out doors. 
b—Dipping preferably in detached 1-story building, or in 


cut-off addition, or in fire-resistive building cut off 
from other operations. 


~4 
{ 
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e—Storage of supplies and handling to accord with prin- 
ciples set forth in previous sections of the Handbook. 

d—Electrical equipment to be fully protected against spark 
hazard; possible ignition in lower stories to which 
vapors might flow must be considered; no belts to 
be used; all metal to be tied together and grounded; 
rubber soled and heeled shoes worn by workmen. 

e—Overflow pipe and automatic opening drain to accord 
with tank capacity (3” for 500 gallons to 8” for, 4000 
gallons). 

f—Automatic covers provided for all tanks, except that on 
large tanks approved automatic foam extinguishing 
system may be substituted. 


231. Present rules also cover Quenching Tanks, containing 
hardening and tempering oils, Flow Coat Method of applying 
paint, and Paint Spraying and Spray Booths. All these rules 
warrant careful study. 


DRY CLEANING. 


232. Volume 15 of the N. F. P. A. Quarterly contains 
much valuable data regarding the dry cleaning hazard. An 
analysis of 130 fires shows 84.6% due to the presence of in- 
flammable liquids. 36 explosions and the loss of 9 lives are 
recorded. The ignition cause is unknown in 52.4% of the 
cases, but, based on later experiences, it is probably static 
electricity in a majority of instances. The principal known 
causes are: matches, 10%; static electricity, 6.9%; stoves and 
furnaces, 6.9%; pressing irons, 5.4%; sparks, 5.4%. In five 
fires, sprinklers were present, and they controlled the fire. 

233. Methods of reducing fire risk where inflammable liq- 
uids must be used include: 


a—Segregation of hazardous operations, with no openings 
for vapors to spread to points where fires or sparks 
may exist. 

b—Care in disposing of waste cleaning liquids. 

c—Grounding of all apparatus, and provision of conduit 
wiring with vapor-proof globes and outside switches 
and fuses.. Motors should. be in a cut-off section. 


See page 37. 
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d—Exercising great care in lifting goods out of washers; 
machine should stand five to ten minutes after power 
is shut off to dispel static charge, and care must be 
exercised to avoid static from the body. 
e—Introducing moisture into the air in dry weather. 
f-Use of automatic closing covers on washers. 
g—Providing foam extinguishers or engines, or carbon 
tetrachloride, or powerful steam jet systems. 


| 


234. A mixture of approximately 50% gasolene and 50% | 
carbon tetrachloride is practically safe from a fire stand- 
point, and can be used effectively for cleaning fabrics and 
metals. The objection lies in the materially higher cost of 
carbon tetrachloride, the difficulty of getting employes to 
make proper mixture, and maintaining the mixture at a safe 
point continually. 


SEWERS. 


235. Disastrous explosions have been caused in public and 
private sewers, because of volatile liquids getting into them 


and being ignited. Safety precautions in connection with 
sewers include: 


a—If possible, having sewers into which volatile liquids 
might run separate from plant sewers, and discharg- 
ing to safe point, preferably under water. 

b—Having each connection provided with a deep trap of 
a design making it unlikely that an explosion on 
either side will blow out the contents of the trap and 
let fire flash through, as well as preventing liquids 


lighter than water from flowing into sewer. See Fig. 
18. 


REFRIGERATING SYSTEMS. 


236. Fire hazard would be expected to be absent in an 
ammonia refrigerating system, but a considerable number of 
fires and explosions have taken place. The conclusions based 


on observations of accidents and on check tests indicate 
that: 


a—The lite hazard due to the breaking or leaking of ap- 


. 
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paratus, and the release of ammonia fumes, even 
where fire does not take place, is so serious that the 
best of conditions and care is warranted in such in- 


stallations. 
b—Lubricating oils should be of the highest flash test prac- 
. tical from an operating standpoint, be used spar- 


ingly, and be kept out of system to as large an 
extent as possible through the use of an oil separator 
in the discharge side of the compressor. 

c—Naked flames have been the direct cause of explosions 
where ammonia gas, usually believed to have con- 
tained vaporized lubricating oil, reached the flames. 
The possibility of breaking up of some of the am- 
monia into hydrogen and nitrogen, and an explosion 
resulting from the violent chemical reaction of the 
hydrogen with the oxygen in the air, seems fairly 
well established. 

d—Ammonia fumes corroding exposed electrical contacts, 
causing an arc, and being ignited, are claimed to 
have been the cause of certain serious explosions. 
In another case, water short circuited an oil switch 
and the resulting arc caused an explosion of an 
ammonia -and air mixture. 

e—Testing a system with air is only permissible if oil is 
first removed from the entire system, and if care is 
exercised to avoid overheating air. After test, air 


can best be removed by putting system under high 
vacuum. 


237. Ethyl chloride, methyl chloride, and propane, all in- 
flammable, are reported used in some small refrigerating 
systems. An ammonia system for dwellings using gas heat 
for expansion would appear to have considerable inherent 
risk, 

238. Carbon dioxide systems are safer both from a fire and 
an accident standpoint. The operating objection to carbon 
dioxide systems is the necessary higher compression. Sul- 
phur dioxide is now being used in household refrigerating 


systems, and is virtually free from dangers in so far as fire is 
concerned. 


- 


METAL POLISH. 


239. Metal polishes ordinarily consist of a solvent, such as 
gasolene, benzine, or naphtha, and an abrasive powder, such 
as whiting. The fire hazard is that of any other volatile 
inflammable liquid, and the danger is intensified because few 
people recognize the danger. Non-combustible polishes and 
pastes are on the market, and these alone should be used. 
The cost is about the same and, although these polishes as a 
rule are a trifle less rapid, the additional safety warrants 
the added effort. 


SPONTANEOUS COMBUSTION. 


240. In painting, wood finishing, and similar trades, spon- 
taneous combustion is so common that the danger is gen- 
erally appreciated by plant managements. Fires in soft coal 
are also common, but the varieties of products in which 
spontaneous combustion is possible is astonishing. Spon- 
taneous combustion is charged with 9.23% of all known fires 
and ranks fifth as a fire cause. It is somewhat mysterious 
to the layman how fire can originate without the application 
of flame or spark or high temperature. Spontaneous com- 
bustion is “slow burning,” e.g., oxidation at a rate slow com- 
pared to burning wood, but rapid when compared to drying 
paint or oil becoming rancid. It requires a combination of 
conditions to carry spontaneous heating, which is a wide 
spread phenomenon, to the combustion point. Certain oils, 
for example, oxidize much more rapidly than others; too 
much oil on fibres slows up action; cotton is far more danger- 
ous than wool; moisture up to a certain point assists com- 
bustion; the size of the mass bears on heat being retained 
and causing the action to speed up; solar or artificial heat 
aids combustion, etc. 

241. Vegetable and animal oils, spread over fibres, espe- 
cially cotton, are always to be feared. Hay, straw, hemp, 
jute, cocoa fibre, fertilizers, and similar materials are subject 
to self-ignition, especially if oily or moist. Heat generally 
accelerates self-ignition. 

242. Charcoal and lampblack are exceedingly dangerous. 
See “ Fire Dangers of Steam Pipes,” page 72. 
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243. Cork dust, linoleum in course of manufacturing, cer- 
tain dyed goods, inky cloths, and saltpeter sacks cause fires. 

244, Finely divided metals, such as magnesium, potassium, 
sodium, and zinc, because of their ability to break up water 
and set hydrogen free, may cause serious explosions. Even 
iron filings, borings, or turnings with oil and moisture may 
heat dangerously. See also “ Dusts” on page 106. 

245, The answer to a large part of the spontaneous com- 
bustion problem is immaculate housekeeping, and immediate, 
safe disposal of waste, rags, and other oily materials. For 
moderate amounts of dangerous substances, as a supply of 
lamp black or hazardous pigments, a metal barrel with cover 
is the answer. When large quantities of dangerous mate- 
rials, as jute, are involved, well-constructed warehouses, mod- 
erate fire areas, automatic sprinkler protection, scuppered 
floors, and protection against factors that could start or speed 
self-ignition are advisable. 


COAL. 


246. Of all the substances subject to spontaneous combus- 
tion, the most important economic loss undoubtedly is suf- 
fered in connection with bituminous coal. Stored in the open, 
in buildings, or in holds of ships, it may ignite; the difficulties 
of extinguishment generally are great; the loss frequently 
runs into very large sums. The chemical composition of coal 
varies greatly, and the presence of free gases, the presence 
of sulphur in the form of pyrites, size of particles, method of 
piling, depth of piling, length of storage, temperature condi- 
tions, moisture, and foreign combustible substances, all bear 
on tendency to heat and ignite. While some coals are vir- 
tually free from hazards, the only absolutely safe storage is 
under water and this is seldom practical. As long as the 
temperature does fot exceed 125° F., no danger exists, but 
it is stated that once 150° F. is reached, the temperature will 
not recede. 

While it is a well-known fact that certain kinds and sizes 
of coal are dangerous and others less so from a spontaneous 
combustion standpoint, other economic conditions control 
the coals purchased, and a purchaser and storer of coal in 
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large quantities is therefore as a rule in one of two positions: 
he knows he has dangerous coal and he must safeguard its 
storage, or he fears his coal may fire and he wants to take 
reasonable precautions. Precautionary measures of approved 
merit include: 


a—Clean up the ground where pile is to be made, and see 
that no foreign material gets into the pile. Avoid 
storing on top of sewer or’steam pipe manholes. 

b—Avoid dropping the coal a great distance as this breaks 
it up. 

c—Limit the area of piles to prevent fire undermining 
large quantities. If storage area is not adequate for 
separation of piles, concrete division walls across a 
coal field will answer. 

d—Deposit coal in layers (by opening buckets slightly, and 
spilling each bucketfull over a considerable area). 
This reduces voids and prevents fire traveling under 
a pile. Where conical piles are made, the larger 
pieces of coal run down the pile and create an “open 
layer” which forms the base of the growing pile. 

e—Hold down the height as much as storage areas will 
permit. 

f—Avoid alternate wetting and drying of coal during proc- 
ess of piling. 

g—Introduce into piles at intervals of 15 to 20 ft. pipes 
¥4” to 1” in diameter into which maximum thermom- 
eters can be lowered to take temperatures at various 
depths. A temperature of 150 deg. F. generally in- 
dicates trouble. The use of automatic heat alarms 
(thermostats) has been suggested. Ventilation of a 
pile adequate to prevent dangerous heating is hardly 
practical. 

h—Use special temperature recording (or target to indicate 
higher temperature) devices and institute systematic 
inspection service. When coal smokes, it is gen- 
erally too late to head off trouble. 


247. Once a pile is threatened by fire, moving of endang- 


ered coal is almost always the remedy. Wetting down is 
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only effective if water can be gotten to the seat of the fire. 
The use of carbon tetrachloride has been reported both suc- 
cessful and unsuccessful in extinguishing coal fires. The 
burying in the pile of carbon dioxide steel gas bombs, re- 
leased by rising temperature, and cooling the coal by evapo- 
ration has been suggested by an English authority. 


EXPLOSION HAZARDS. 


248. Explosion hazards in industrial plants, other than 
those of inflammable liquids, are due to: 


a—Explosives. 
b—Dusts. 
c—Gases. 


d—Mechanical Ruptures. 
Each topic is treated briefly in the following sections: 


EXPLOSIVES. 


249, Large storages of explosives are generally very well 
safeguarded, but many plants carry a moderate stock of 
dynamite and detonating caps for construction purposes. 
There is a tendency to consider a box or two of dynamite 
as unobjectionable in a general storehouse or in an oil house. 
A separate storehouse or box at a remote point is always 
advisable, and it is especially important that detonators, 
which are far more sensitive than dynamite, be kept separate 
from the dynamite. Frozen dynamite is exceedingly danger- 
ous, and any plant that uses dynamite, even if only occasion- 
ally and in small quantities, should have a standard hot water 
thawing box. Fire heat should never be used. 

250. The private fire brigade should know where explosives 


are stored. For extended treatment of the subject see pub-. 


lication of the Bureau of Explosives of the American Rail- 


way Association of New York, and the suggested ordinances 
of the National Board, 


DUSTS. 


251. The N. F. P. A. in 1922 published an authoritative 
book on dust explosions by David J. Price and Harold H. 
Brown, of the United States Department of Agriculture. It 


/, 


Common Fire Causes 107 


covers the theory of dust explosions, analyses of past explo- 
sions, the results of tests, and the structural, operating, and 
maintenance precautions essential to safety of life and prop- 
erty. In this book the authors present the following table: 


NUMBER OF ESTABLISHMENT AND VALUE OF 
PROPERTY IN DUST PRODUCING INDUSTRIES 


No. of Es- 
Zz Value of Products 
Ind tablishments 
1919 1914 1919 1914 

Aluminum manufactures....... 84 37 $69,474,000 $19,597,000 

Chocolate and cocoa products 
not including confectionery. . 48 36 139,258,000 35,713,000 

Coffee and spice, roasting and 
ERMINE Se wens pce ies a. os 794 696 304,740,000 150,749,000 
Rrosperage . 3525.32. P71 Odb. 1,100} 1,259 88,267,000 50,017,000 
oS arn. a 62 52 16,282,000 7,875,000 
PREMRCES SS Oe Re one 599 784 278,610,000 153,196,000 
Flour mill and grist mill Dprepiuets 10, Au 10,788 | 2,193,007,000 877,680,000 
Fuel, manufactures. e 11 14 1,974,000 863,000 
Glucose, starch 114 6.63.5 253-20. 56 89 186,256,000 52,615,000 

~ Lumber, planing mill products, 

not including planing mills 
connected with saw-mills..... 5,314 | 5,841 560,867 ,000 307,672,000 
DEAE Sn, eee sche etecc es 55 97 39,340,000 48,133,000 
Oil and cake, cotton seed...... 713 882 570,213,000 212,127,000 
sino: i eae 26 25 120,638,000 44,883,000 
Oileloth and linoleum floor... .. 21 18 52,673,000 17,602,000 
Paper and wood pulp.......... 714 718 794,350,000 332,147,000 
Phonographs and graphophones 167 18 158,668,000 27,116,000 
Rice, cleaning and polishing. ... 86 59 90,038,000 23,039,000 
dae OlUK 9s. JPR. iT. Th 352 371 317,067,000 127,942,000 
MT OCb sore oo oon. ld SIE SES 85 60 149,156,000 62,605,000 
MES Es el ee 202 181 57,741,000 21,635,000 

Sugar. refining not including beet 
SIOUE SA so ho.» So en ois Sie p,2 20 18 730,987,000 289,399,000 
POtAIE.. 5 Show we nat ay prep abe: 21,045 | 22,011 | $6,919,606,000 |$2,862,605,000 


252. In all these industries there is a proved dust explosion 
risk. The property and life loss have been heavy. The finest 
structures have often suffered the worst losses, as witness the 
Northwestern Elevator disaster in Chicago, in March, 1921, 
where the largest elevator in the United States, splendidly 
built and equipped. was partly wrecked with the loss of six 
lives and the destruction of approximately four million dol- 
lars worth of property. In 1919. in Cedar Rapids. a starch 
factory explosion cost 43 lives and over three million dollars. 

253. The list of industries is not complete; practically 
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every finely divided organic or metallic substance, properly 
mixed with air, is subject to explosion upon contact with a 
spark or flame. Safety measures include: 


a—Design of building and equipment least likely to permit 
dust to lodge. Smooth inside walls with frame- 
work outside, and with sloping fillets to shed dust 
are examples of this. 

b—Design of dust producing equipment to permit mini- 
mum leakage of dust, and to avoid choking or clog- 
ging. 

c—Installation of dust removing system, applied partic- 
ularly at points of dust production. 

d—Regular and frequent cleaning of the building and 
equipment, with special care, however, that cleaning 
up dust does not produce an explosion due to naked 
lights or sparks in vicinity. A case is on record 
where 9 out of 10 men who were cleaning up a coal 
mill died of burns produced by a flash in coal dust. 

e—Unusual precautions as to ordinary fire hazards, smok- 
ing, and the carrying of matches, and special safe- 
guards as to static electricity, hot bearings, foreign 
materials, etc. 


See also N. F. P. A. 1923 Proceedings for dust explosion 
hazards and their control. 


GASES. 


254. See page 42 for certain phases of gas hazards. Explo- 
sions are occasionally caused by the ignition of mixtures of 
air with gases in cellars, attic spaces, blast pipes, stoves, fur- 
maces, ovens, boiler settings, and generally where gas can 
accumulate mixed with air and be confined enough or be 
large enough in volume to exert violent force when ignited. 
The proper procedure obviously is to prevent leakage, to pro- 
vide adequate ventilation, to avoid accumulation of gas and 
air mixtures, and to eliminate sources of ignition. 


MECHANICAL RUPTURES. 


255. In most plants explosions due to mechanical ruptures 
can result from the failure of: 
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Steam Boilers or other Steam Vessels. 

Flywheels, Engines, and Turbines. 

Tanks under Pressure. 

Tanks or other Containers of Chemicals. 

Grinding and Polishing Wheels. 

256. Any of these may result in fire or in breakage of 
sprinkler system or other fire fighting equipment, and con- 
sideration must be given to such dangers if a comprehensive 
study of fire hazard is to be made. 


FILM HANDLING AND STORAGE. 


257. The great development of the motion picture industry 
has introduced the hazard of the storage and handling of 
flammable nitrocellulose films to a remarkable degree. AlI- 
ready a number of disastrous fires, accompanied with life 
loss, have shown the hazard which exists, particularly in 
film exchanges where repairing and testing is done. The 
National Board has regulations governing the production, 
storage, and handling of nitrocellulose motion picture films. 

258. Underwriters’ Laboratories have approved forms of 
slow-burning (acetate base) films, but while this is practical 
from an operating standpoint, it will never be widely used 
until there is a general legal requirement to this effect. In 
Paris, France, no highly inflammable film is to be permitted 
after January 1, 1925, the motion picture indtstry having had 
several years in which to prepare for the transition. 

259. In properties to which comes an occasional reel or 
two of film, it is essential that the fire hazard of films be 
understood by all who handle them, that film be stored at a 
safe point, handled with maximum care, and especially that 
it be kept away from open flames. A high pressure steam 
pipe can ignite inflammable films; fire is intense and difficult 
to extinguish. 

260. Tests by Eastman Kodak Company have demonstrated 
that fires in film vaults can be controlled by automatic sprink- 
lers if closely spaced and provided with adequate water sup- 
plies. 

261. Only motion picture machines passed by the Under- 
writers’ Laboratories and provided with all practical safe- 
guards should be purchased. 


> 
, 


Handbook of Fire Protection 


110 


‘HLOOG FAALIIG NOIWLOW IWLayY GUVaNVIS ‘61 ‘DIY 


MY 77S 


SASSO XP - 


fe2tsed? \\ SOY Y FYELO 


OY 2,/ —t 
GLYRHS \t 


LYLOPY, HQOH, YY, re 
SBYSODY SYSIISL Gf. H 


SYS YIM. 
YO /S2L/ SYIL, YEN ty 
ASG LEY, ASA 


POUL MILMM Ff HY /- 
SEMSIG SGELCL/ 
PBA LOH TELE Pe GY. 


DANGLY 210 fly 
MBL SSOLELIC). 


a 


Wee ot Ney 


PYOMS IFO FISHEL 


PF PRY LOLPRIMNY SAYING SQ/CRI QE 


ODOM EGY/SRPLE YUM BAIA QP Q/ 
WOR fOLPLLIEDY SBNS af 


Common Fire Causes | 111 


262. Fig. 19 illustrates the construction of a standard 
moving picture machine booth. 


MATCHES. 


263. “ Matches—Smoking ” ranks first as a fire cause, 
13.62% of all loss being attributed to it. It is quite certain 
that the match end of this combination is responsible for the 
bulk of this combined loss. The annual consumption in the 
United States is placed at more than 7,000,000,000 cigars, 
42,000,000,000 cigarettes, and 2,500,000,000,000 matches. No 
wonder that life and property loss are high. The match 

_ further is probably the principal cause of life loss, deaths to 
children being particularly frequent from this cause. The 
chief remedy is obviously care in the use of matches and 
especially in the disposal of used ones. 

264. Strike-on-the-box safety matches are almost free from 
serious objections and do not cost more per hundred than 
the ordinary type. Where there is a possibility of boxes 
being carried away, they can be placed upon small holders, 
from which they can only be removed by breaking the box. 
It is generally considered good policy to furnish employes 
with safety matches even at the risk of many being carried 
away. 

265. The leading manufacturer of matches, under the care- 
ful supervision of the Underwriters’ Laboratories, makes lab- 
eled matches of the strike on the box and the tip types. Bothare 
far superior to the ordinary product found on the market, and 
labeled matches only should be purchased. A match is not 
a safety match because the seller claims it. Many of the 
imported matches have weak, unimpregnated splints, and 
decidedly low ignition temperatures. 


SMOKING. 


266. The smoking hazard is acute chiefly because of the 
use of matches, although cigars, cigarettes, and pipes, them- 
selves may cause fires if left in contact with combustible 
materials. The wooden clothes locker is especially objec- 
tionable for this reason. The worst factory lisaster in our 
history, the Triangle Waist Company fire, in which 145 per- 
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sons perished, the worst hotel fire in recent decades, the 
Windsor, in New York, where 45 were burned to death, and 
numerous gigantic property losses have been charged to the 
careless smoker. The epitome of recklessness was reached 
in a Jersey City Warehouse where two employes who were 
handling chlorate of potash, and knew it to be dangerous, 
smoked at work. One man threw his cigarette butt on the 
floor and ground it under his heel. The resulting explosion 
and fire caused a widespread loss aggregating two million 
dollars. 

267. So acute is the hazard generally recognized to be that 
the modern tendency is to prohibit smoking even in those 
sections where there would be no appreciable fire risk if 
smoking were allowed. A general rule such as this makes 
for efficiency, and avoids discrimination. as between depart- 
ments. 

268. If smoking is prohibited generally or in portions of the 
plant, it is vitally important that the executives set an ex- 
ample and scrupulously obey the plant rules and not, as is 
often the case, smoke while traveling through the whole 
property. 

269. If smoking is permitted in the less hazardous sections, 
these can usually include boiler rooms, engine rooms (exclu- 
sive of basements), foundries, blacksmith shops, certain of- 
fices, and locker and Junch rooms. 

270. “ No Smoking” signs, in several languages if neces- 
sary to reach all of the men, should be posted liberally in the 
forbidden sections. See Fig. 20. If smoking is permitted in 
certain sections, signs to that effect should be posted. 


LOCOMOTIVE SPARKS. 

271. Sparks from locomotive stacks or coals dropped from 
ash pans are common causes of fire. The remedy may lie in 
one or more of the following methods: 

a—Provision of effective spark screen in front ends of loco- 

motives, and careful maintenance of this protection. 
This is particularly feasible with privately owned lo- 


comotives. 
b—Placing a special spark hood over locomotive stacks 
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while used in very dangerous sections, such as cotton 
storage yards. 

c—Not shaking down fires, except at safe points. 

d—Elimination of combustible roofing, such as shingles 
and boards. 

e—Protection of windows, which can be opened, by perma- 
nent %” to 14” galvanized iron screens. 

f—Keeping normally closed scuttles, doors, and other open- 
ings through which sparks could drift or fall. 

g—Not permitting locomotives to enter combustible build- 
ings, except if used for storing or repairing locomo- 
tives. 

h—Keeping property free of combustible refuse, dry leaves, 
and dead grass. 


LIGHTNING. 


272. Lightning ranks sixth as a cause of fire; loss cost of 
7.32% being charged against it. Everyone knows that oil 
tanks, rural buildings, and chimneys are struck frequently, 
but that the loss is so large is rather surprising. In an 
analysis of almost 40,000 rural district fires, 51% were found 
due to lightning, and, remarkable to relate, hardly one build- 
ing in almost 20,000 had a good lightning rod equipment. 
This bears out the previously accumulated data, namely, that 
a properly protected building is virtually immune from loss 
by lightning. 

273. The 1916 proceedings of the N. F. P. A. contain the 
approved report entitled “Suggestion for Protection against 
Lightning.” The introductory sections of this report are: 


, 274, Protection against lightning is usually advisable on country build- 
ings, on isolated buildings, and on all buildings wherever located having 
elevated features such as tall chimneys, steeples, high peaked or gable roofs, 
and _flag poles. 

275. Since the amount of protection which any building should have will 
depend upon its location, construction, nature of its occupancy, and the 
value of the building as compared with the expense necessary to provide 
the protection, definite rules cannot be laid down for the installation of 
lightning conductors, but the following general suggestions should, if 
carried out, give, under most conditions, reasonable protection. 

276, The ordinary condition causing a lightning discharge is a cloud 
charged with electricity at a greatly different potential from that of the 
earth. The difference of potential is finally sufficient to “‘break down” the 
Stratum of air between earth and cloud, and an electrical discharge takes 
place. The resistance of the air stratum being generally less between cloud 
and tops of buildings and other structures than between cloud and earth, 


ie 
e . 


Common Fire Causes 115 


such high points takes the discharge, and unless some less resistive path is 
provided from these points to the ground than the strycture to be pro- 
tected, the lightning will follow the next best course to earth, generally 
causing damage to the structure and frequently starting a fire. 

277. It is also of importance to note that the discharge leaves a column 
of heated air between earth and cloud. This hot air column may be blown 
in one or another direction and very likely become the path of a second 
discharge, since it has less resistance than the surrounding cooler air. 
This may account for lightning striking a structure below the high points. 

278. It is therefore desirable to so locate the conductors forming the 
lightning protection that the lightning will strike these and be carried to 
earth instead of tearing through the structure on its way to the ground. 
Such an arrangement of conductors suggests an enclosing cage with the 
bars of course considerably separated. The idea of protection is therefore a 
metallic cage with air terminal projections at the high points of the struc- 
ture and the whole projecting cage thoroughly grounded. 

279 The Technologic Paper No. 56 of the Bureau of Standards, entitled 
“Protection of Life and Property Against Lightning,’’ contains impor- 
tant evidence of the value of lightning-rod protection and a comprehensive 
discussion of the entire subject. Copies may be procured from the Super- 
intendent of Documents, Goverment Printing Office, Washington, D C. 


PROTECTION OF BUILDINGS. 


280. The Underwriters’ Laboratories is now not only pass- 
ing on lightning rod equipment, but is inspecting finished 
installations. Because of this fact the N. F. P A. committee 
report is of a general rather than of a specific character. 
Items of general interest include the following: 

281 Conductors are required to be constructed of iron or 
copper and to be of approved types of cable, star section, 
tubular or other approved pattern. For copper cables the 
weight must be not less than 3 ounces per ft. or 187.5 Ibs. 
per 1,000 ft. in length. For star section steel the weight 
must not be less than 320 lbs. per 1,000 ft. in length and 
must be provided with a protective coating of zinc or other 
approved material. 

282 Couplings and Connectors must be of copper or brass, 
of substantial construction, and working upon the threaded, 
crimping, or clamping principle. Set screws not approved. 

283. Air terminals must be of star section steel complying 
with the above requirements for conductors of that type or 
of copper tubing having an outside diameter of at least % 
of an inch and a wall thickness of not less than .032 inch or 
No. 20 B. & S. gauge The point at the top of the terminal 
should preferably be solid, terminating in a point or number 
of points at one end, and the other end provided with a screw 
cap ot a dowel. 
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284. Ground terminals. The efficiency of a lightning con- 
ductor equipnient is dependent directly upon the thorough- 
ness with which it is grounded, and one of the following 
methods should be followed: 


a—Connecting to underground water piping by means of 
brass plug screwed into pipe and rods soldered to 
plugs, or by putting clamps around pipes and thread- 
ing rods to such clamps. 

b—Connecting conductor to ground plate, buried usually at 
least 8’, and of 16 gauge copper about 1 yard square, 
buried in coke or charcoal to hold moisture. 

c—Extending rods into permanently moist earth, where this 
can readily be reached. 


GENERAL INSTALLATION SUGGESTIONS. 


285. Air terminals are required on or within 2’ of all high 
points, such as chimneys, gables, spires, ventilators, cupolas, 
(Suh 

286. Along ridges, air terminals may not be over 25’ apart. 

287. Stacks or other high points over 60’ high require two 
rods and two grounds. Points on stacks should be spaced 
about 6’ around circumference and set into a heavy band to 
which rods also are attached. 


Fic, 21. Protection AGAInst LIGHTNING. 
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288. For buildings, the minimum number of grounds is 
ordinarily two, and two will suffice for up to six points. 
Three grounds are required for twelve points, and one addi- 
tional for every five points thereafter. 

289 It is advisable to ground metal roofs, ventilators, pip- 
ing (other than gas) which comes fairly close to ‘outside 
walls, fences, clotheslines, and other metal construction. 

290 Steel framework on concrete footings is not necessarily 
grounded, and definite grounds for such framework, for cor- 
rugated iron sheathing and for large metal tanks or other 
masses of metal is commonly advisable. 

291. Fig. 21 illustrates standard protection methods applied 
to a church 


PROTECTION OF OIL TANKS. 


292. Oil tank protection against lightning is best secured 
by a combination of methods including: 


a—Metal tanks with solid metal tops, gas tight. 

b—Protection of all openings against admission of fire. 
See page 57. 

c—Provision of explosion hatches to prevent rupturing of 
tank tops if vapors in tank are ignited. 

d—Definite grounding of tanks and connecting piping. — 

e—Provision of foam or steam, the first to extinguish fire, 
the second to extinguish fire and also to fill top of 
tank to protect against exposure. See pages 425 and 
454. 


293 Elaborate caging plans have been tried as a protec- 
tior to important tanks, and, speaking generally, probably 
without success commensurate with the cost. High masts 
on the storm side of tank farms have also been erected, but 
it is believed that the best results follow where the individual 
tank is safeguarded in the manner indicated. 
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CHAPTER 8 


DANGEROUS SUBSTANCES FOUND IN MANUFAC- 
TURING PLANTS 


By WILLIAM D. GRIER * 


1. The writer has attempted to classify dangerous sub- 
stances found in manufacturing plants as far as possible ac- 
cording to the hazards involved, believing that this is the 
most effective method of presenting the information. There 
are a great many inflammable or explosive chemicals which 
are not mentioned in this article, but as they are not very 
liable to be found in large quantities, and many of them not 
outside of laboratories, it has been thought unnecessary to 
mention them specifically. 

2. The accident hazards of many of the substances referred 
to herein exceed their fire danger, and the two subjects must 
be considered together. 

3. STRONG ACIDS—The three strong acids sulphuric, 
nitric, and hydrochloric, are not in themselves inflammable 
nor are they supporters of combustion. Their chief hazard 
lies in the danger of leakage and possible mixture with other 
chemicals which may be stored in the vicinity, which would 
be followed in some cases by a fire or explosion. Nitric and 
hydrochloric acid are capable of bursting carboys or other 
containers if overheated, owing to the pressure of gas 
evolved. Nitric acid will sometimes ignite sawdust, straw, 
or other packing material in case of leakage. In general 
strong acids should be stored in cool places away from the 
sun and not in proximity to other chemicals or waste mate- 
rial. 

4, SULPHUR—Sulphur is highly inflammable and when 
ignited burns fiercely, but is not subject to spontaneous ig- 
nition except sometimes when mixed with other chemicals. 
It should be stored in a cool place away from boilers or open 
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fires and not in immediate proximity to other chemicals. 
Sulphur grinding and, in fact, any handling of sulphur, tend- 
ing to create more or less sulphur dust, is hazardous in the 
extreme as in most cases the conditions for a dust explosion 
are present. 

5. PHOSPHORUS—Phosphorus is very inflammable and 
liable to ignite spontaneously. It should always be stored 
under water. 1 

6 CHLORINE—Chlorine is a heavy, greenish, poisonous 
gas given off in some manufacturing processes a1.d by bleach- 
ing powder or chloride of lime, especially in the presence of 
strong acids. It it not inflammable itself but may cause 
fires or explcsions, especially if it comes in contact with am- 
monia, turpentine, or finely powdered metals. Care as to 
ventilation should be observed in any process where this gas 
is generated. 

7 CHLORATES, NITRATES, PEROXIDES—These 
substances are all hazardous owing to the quantity of oxygen 
which they evolve when heated. Most of them can be de- 
tonated or exploded when in contact with such materials as 
starch, sugar, gum, sweepings or dust, or other organic mat- 
ter, or sulphur and its compounds. Some peroxides, notably 
sodium peroxide, are especially hazardous in that they be- 
come dangerously hot in the presence of moisture and are 
very liable to ignite any inflammable substance with which 
they may be in contact. 

8. METALLIC SODIUM, POTASSIUM, ALUMINUM, 
MAGNESIUM, IRON BORINGS AND TURNINGS, ZINC 
DUST, BRONZE POWDER, or any other finely powdered 
metal.—These metals are all more or less hazardous in the 
presence of moisture, especially zinc dust, and should always 
be kept in dry places. A number of finely divided metals if 
moist will decompose water in their oxidation and set free 
hydrogen gas. Metallic sodium and potassium take fire in 
the presence of water, and are generally kept under the sur- 
face of kerosene. 

9. NITRO CELLULOSE and its compounds in the form 
of Pyroxylin Plastics, Lacquers, Films, etc——The prepara- 
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tion, storage, and manufacture of articles from these products 
is hazardous in the extreme and special precautions should 
be taken. They should not be stored in large quantities ex- 
cept in specially arranged, non-combustible storehouses, de- 
tached from other buildings. See also Chapter 7, page 100, 
Film Handling and Storage. See National Board regulations 
entitled “Storage and Sale of Pyroxylin Plastic.” 

10. INFLAMMABLE GASES—Special precautions as to 
ventilation, safeguarding of electrical devices, ventilating 
fans, or places where friction or electric sparks could occur 
should be taken. In the case of acetylene, the requirements 
of the National Board of Fire Underwriters should be strictly 
followed. See also Chapter 7, pages 42 to 50. 

11. HYDROGEN GAS—Hydrogen gas is given off freely 
in certain chemical processes and in many electro-chemical 
processes, as by storage batteries. Explosions have occurred 
from battery gas, although the hazard is not generally severe. 

12. COMPRESSED GASES—Ammonia, oxygen, hydro- 
gen, carbonic acid, or even air when under compression 
should be stored in dry, cool places, as a comparatively 
slight rise in temperature causes a very considerable increase 
in pressure, which can readily occasion a violent explosion. 
In the case of ammonia, firemen would be unable to enter 
the premises until the gas has been dissipated, unless equipped 
with gas helmets. See page 49, Compressed or Liquid Gases. 

13. VOLATILE SOLVENTS—The relative hazard of the 
various liquids generally classed under this head varies 
greatly, depending to a large extent upon the flash point or 
temperature at which they begin to give off inflammable 
vapor, and to a lesser degree on certain other physical char- 
acteristics, such as the density of the vapor and its explosive 
range in mixtures with air. 

14, The most commonly found solvents that fall in class 1 
of the National Board classification (flashpoint below 25° F. 
(— 4° C.) closed cup test) are in the relative order of their 
ca ether, carbon bisulphide, gasolene, naphtha, and ben- 
zol, 


15. In class 2 (flashpoint above class 1 and below 7.0° F. 
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(21° C.) closed cup test) fall acetone, alcohol, amyl acetate, 
and toluol. 

16. In spite of their relatively low flashpoints the hazards 
of a number of inflammable vapors seem to be much less than 
would be expected, especially if used in open rooms and at 
ordinary temperatures. With processes involving heating of 
inflammable liquids or with drying operations where solvents 
are evaporated, the hazard is much greater. Wherever in- 
flammable liquids are handled, the maximum of care is advis- 
able. Readers are referred to page 94, Gasolene and Other 
Inammable Liquids. 


17. CREOSOTE AND DEAD OIL—Creosote and dead 
oil, used for impregnating wood, manufacturing roofing com- 
pounds, etc., vary greatly in their composition, some being 
almost as inflammable as kerosene, while others are almost 
non-inflammable. In general, care should be taken in any 
process which involves the heating of these materials with 
fire, especially with a view to preventing leakage or boiling 
over. 


18. COAL TAR DERIVATIVES—Coincident with the 
outbreak of the World War and the cutting off of foreign 
dyes and medicines, upon which we have been so largely de- 
pendent, began the development of a real American industry 
in this field. Prior to that time, our activities in coal tar 
derivatives had been limited largely to the production of 
“crudes,’ so called, such as benzol, toluol, naphthalene, and 
anthracene. Today, on an increasing scale, we are producing 
“ intermediates,’ such as nitro-benzol, aniline, beta naphthol, 
and the long list of products bearing technical names, such 
as H acid, Gamma acid, and Schaeffer acid, names which 
mean practically nothing to the layman. From these, finished 
products such as dyes, medicines, and explosives are manu- 
factured. 

19. As was to be expected, the rapid development of new 
industries involving the use of hazardous crude materials and 
producing more or less dangerous intermediates and finished 
products resulted in a considerable number of fires and ex- 
plosions, accompanied by loss of life as well as property dam- 
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age. The foundation of specific experience that makes for 
excellent fire control in standard industries was missing at 
the outset, but today is fairly well established. 

20. The preliminary processes of distilling the coal tar for 
separation into three or four principal factions are well 
known and need no description here. The further prepara- 
tion of the “crudes,” such as benzol, toluol, and other liquid 
products, presents a severe hazard, being on a par with the 
distillation and refinement of any other volatile and inflam- 
mable liquid. 

21. The properties of the various crudes are well known 
and, as far as the liquids are concerned, the same precautions 
used in the storage of gasolene, benzine, and similar inflam- 
mable liquids should be observed. 

22. The preparation of the intermediates, and indeed the 
finished products, can be classified in a well defined series of 
five operations, which are typical of factories of this nature. 
These are sulphonation, alkaline fusion, nitration, reduction, 
and alkylation. In addition to these processes or operations, 
those common to other chemical plants, such as distillation, 
filtration, drying, powdering, etc., will be found, together with 
one extremely hazardous process, namely, the washing of 
certain finished products with benzol or gasolene and the 
subsequent drying of the washed crystals. 

23 In the following brief process descriptions the use of 
chemical terms has been avoided in so far as possible. 
Sulphonation. 

24, This is carried on usually in closed vessels, heated by 
steam, and is effected by adding oleum or fuming sulphuric 
acid to the substance which is to be sulphonated, the chem- 
ical effect being the replacement of certain atoms with cor- 
responding atoms or molecules of sulphonic acid SOsH. 
Hazards are frequently in the handling of the raw materials, 
which may possibly be benzol or some similar inflammable 
liquid, possibly the bursting of the sulphonating vessel, and 
the possible faulty arrangement of the oil heating device. 
Alkaline Fusion. 

25. This is carried on in open vessels or in closed vessels, 
sometimes under very high pressures, heated by oil bath or 
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direct fire, and the process consists -of the fusion of some 
substance with caustic soda, which results in the hydrolyzing 
of the substance operated upon, or replacing the sulphonic 
acid group SOsH by the hydroxyl group OH. The hazards 
are not severe, and mostly refer to the method of heating. 
Nitration. 

26. In this process the substance to be nitrated is treated 
with a mixture of strong nitric and sulphuric acid, sometimes 
in a closed, sometimes in an open, vessel, which usually has 
to be cooled by water circulation, as during the nitration 
considerable chemical heat is developed, This might not only 
spoil the product, but might produce something entirely dif- 
ferent from that desired or lead to an explosion. The loca- 
tion and methods of this process should be carefully observed 
and noted. The chemical process of nitration is to substitute 
nitro group NO, for certain molecules of hydrogen, and the 
process has been mostly met with in the past in the prepara- 
tion of a limited amount of nitrobenzol and, to a consider- 
able extent, in the manufacture of nitrocellulose for use in 
the manufacture of pyroxylin plastics, lacquer, and smokeless 
powder. It is met with in the manufacture of nitrobenzol 
and in the preparation of trinitrotoluol, familiarly known as 
TNT, for use as a high explosive. 

Reduction 

27. The chemical purpose of this process is to abstract 
cerfain molecules of oxygen, and its principal application is 
found in the preparation of so-called aniline oil from nitro- 
benzol, by treating the latter in closed vessels with metallic 
iron in the from of borings or turnings in the presence of 
hydrochloric acid. The oxygen in the nitrobenzol is taken 
up by the iron which is thrown away as waste product. The 
hazards are not serious and are easily controlled. 

Alkylation. 

28. This is a rather complex process, the purpose of which 
is to introduce methyl or ethyl groups into the formulae. It 
is carried on by acting upon proper substances to be alky- 
lated with methyl or ethyl alcohol and hydrochloric acid, and 
the hazard, as may be supposed, is largely in the use of the 
alcohol. 
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29. There are numeréus variations upon these fundamental 
processes, and sometimes one, sometimes all, are employed 
at one time or another in the manufacture of the finished 
product. The hazards are not obscure and are largely con- 
fined to the following features: 


a—Inflammable character of raw material. 
»b—Method of heating, especially in the use of fire heat, 
and possibly defective oil circulating systems. 
c—Possibility of explosion of closed steel and cast iron 
vessels, frequently under very heavy pressures and 
high temperatures. 

d—Possible explosive or inflammable nature of the finished 
product. 


High Explosives. 


30. Trinitrotoluol (TNT), as stated under “ Nitration,” is 
a direct product of toluol, this “ crude” being subject to three 
nitrations. Although it is undoubtedly the safest high explo- 
sive when finished, its*manufacture is attended with consider- 
able risk during nitration, storage of intermediate products, 
and crystallization with inflammable solvents. Several seri- 
ous explosions in the United States have demonstrated this. 
The industrial poisoning hazard in intermediate stages also 
requires careful attention. 

31. Picric acid (trinitrophenol) is made by nitrating phenol 
(carbolic acid), which in turn is made synthetically from 
_benzol, employing processes of sulphonation, alkaline fusion, 
distillation, etc. From picric acid, picric salts, chiefly am- 
monium picrate, are made also for use as explosives. The 
manufacture of picric acid is apparently less hazardous than 
that of TNT, but the finished product is more sensitive to 
ignition, especially when heated and subject to shock. Picric 
acid drying requires isolation and great care. 


CHAPTER 9 


TOPICAL LIST OF FIRE CAUSES 


1. The topical List of Fire Causes covers in skeleton form 
the main points appearing in Chapter 7, Common Fire 
Causes, and also the leading special hazard industries. From 
its first presentation, this boiled down method of listing the 
essential manufacturing processes and their fire hazards has 
proved a great convenience to the man in the field and to the 
man passing on plans of proposed new construction. The 
use of the list insures against overlooking any important 
unusual dangers, it can be used as a report outline on special 
hazards, and it constitutes a guide to study both before and 
after examination of a plant. 

2. The fire records where quoted are taken from the pub- 
lications of the National Fire Protection Association, the 
most authoritative source of information, and cover known 
causes only. “Misc. S. H.” denotes “Miscellaneous Special 
Hazard ” fires. 


COMMON FIRE CAUSES 
LIGHTING. 
SUNLIGHT. 


3. Burning Glass. Paper weights; bowls; bottles; bubbles 
in glass. Spontaneous Combustion. Oily material; coal. 


BLECDRICITY: 

4. Generators. Same as motors. Rotation in safe plane. 
Crane blocks against connections. Switchboards. Incombus-~ 
tible construction; covered oil switches; oil switches in com- 
partments; flame-proof wires. Switches, Poor contacts; ex- 
posed to metals. Oil Switches. Overloads, short circuits, and 
insufficient oil are fire causes; individual cells. Transform- 
ers. Overloads, breakdown of insulation, water in oil, and 
lightning are fire causes; oil draw-off; location in ‘cells. 
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Lightning Arresters. Over-charging; location in cells or 
separate buiidings. Fuses and Circuit Breakers. Breakers 
set too high; fuses too large and abused; renewable fuses 
approved, Circuits; mechanically protected where necessary; 
joints; supports; moisture; fumes. Temporary Wiring. 
Likely to become permanent; remove dead wiring. Motors. 
Exposed to moisture, dust, fumes, gases, inflammable flyings; 
encased motors with outside air intakes safer; exposed con- 
tacts; drip pans. Incandescent Lamps. Hazard in show 
windows, closets, lockers, bins; guards generally advisable; 
keyless sockets best; incombustible shades. Vapor Proof 
Fittings. Protection against weather, fumes, dusts, vapors. 
Arc Lights. Hot carbons dropping; inflammable flyings. 
Domestic Electrical Devices. Adequate circuits; oversized 
fuses; portable cords. Electric Pressing Irons. Acute haz- 
ard; pilot lights; bracket shelves to support. Electric Solder- 
ing Irons. Cords; pilot lights; supports. Portable and 
Pendent Cords. Defective and dry insulation; tying aside; 
danger of shock. 

Signaling Circuits. High tension crosses; protectors with 
ground. Radio and Wireless. Careful wiring; lightning 
switch; clear of other circuits. Static Electricity. In solids, 
liquids, gases; eliminating belts; grounds; humidity. 


GASES. 


5. City, town, or retort. Movable gas jets; combustible 
material near flames; loose tips; leaking connections; rubber 
tubing; bridging meter where electric wiring; main shut-off 
valves; supports for meters; lead pipe meter connections; 
quarter-in-slot meters. Gasolene Gas. Five Underwriters’ 
classifications for machines; underground storage and carbu- 
retor safest; flare-lights dangerous. Acetylene Gas. Explo- 
sion danger greatest of commercial gases; compressed gas 
unabsorbed over 15 lbs, dissociation danger; liquid acetylene 
violently explosive. Acetylene Generators. Location; naked 
lights; freezing. Oxy-acetylene Systems. Permitted . gener- 
ators; pressure tanks; oxygen generaton. Compressed or 
Liquid Gases. Legal pressure limits; relief valves; safety 


plugs; reducing valves; outside storage and protected against 
sun, 
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OILS. 


6. Lamps. Metal fonts; daylight filling; cleanliness; heat 
shields; hanging. Lanterns. Metal fonts; fonts dropping; 
safety type. Battery Lamps. Advisable for watchmen where 
infammable vapors. Kerosene Pressure Systems. Supply 
tanks located outside; piping protected against injury. Kero- 
sene Torches. Danger where combustible surroundings. 


POWER GENERATION. 
BOILER ROOMS, 


7. Construction; cut-off; boiler settings; ash handling; soft 
coal; shaving vaults; cleanliness. 
STACKS. 

8. Outside best; if through roof ventilated sleeve; boiler 
uptakes; sparks. 
COAL. 

9. Spontaneous combustion danger; storage outside boiler 
rooms. 
PULVERIZED FUEL. 

10. Pitch; bituminous coal; three systems; pulverizing; 
transmission of powdered fuel; lodging of dust. 
FUEL OIL. 

11. Four methods of storage; power system; domestic sys- 
tem; storage tank safeguards; piping; valves; feed to burn- 
ers; air pressure systems. 

SHAVING VAULTS. 

12. Location; construction; fire doors; cyclones; direct fuel 
feed. 

STEAM ENGINES. 

13. Steam pipes against wood; wood lagging; fly wheel 
pits. 
ELECTRICAL. 

14. Type of apparatus; wiring; controls; dangerous Joca- 
tions; wood supports; grounding. 
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PRODUCER GAS, 

15. Location; suction type safer; carbon monoxide poison- 
ing. 
GASOLINE ENGINES. 

16. Location; supply tanks; piping; ignition; mufflers; ex- 
haust piping. 
GAS ENGINES. 

17. Location; gas bags; ignition; mufflers; exhaust piping. 
KEROSENE ENGINES. 

18. See gasolene engines. 
SELF IGNITION ENGINES. 

19. Oil pressures; inside oil tanks; exhaust piping. 
WATER POWER. 

20. Bearings; cleanliness; naked lights. 

POWER TRANSMISSION. 

BELTS. 


21. Against wood; static electricity; leather more danger- 
ous; belt shifters. 


ROPE DRIVERS. 
22. Against wood; grease and dirt. 
SHAFTING AND BEARINGS, 


23. Bearings overheating; shafting alignment; maintenance; 
cleanliness. 


PULLEYS. 
24. Slipping belts; slipping pulleys; construction. 
HEATING. 
CHIMNEYS AND FLUES. 


25. Construction; supports; thickness; clearance of wood. 
STEAM, 


26. Conditions causing fires; support and insulation of pip- 
ing. 
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HOT WATER. 

27. Very mild hazards in piping; boiler hazard. 
HOT ATR. 

28. Intakes; blower location and cleanliness; steam coils; 
ducts; dampers; dwelling furnaces; hot air pipes. : 
RANGES. 

29. Types; floor protection; back well protection; smoke 
pipes; hoods, vent pipes, and flues. 

COAL AND WOOD STOVES. 

30. Types; floor protection; back wall protection; smoke 

pipes. 


FIREPLACES. 

31. Construction; hearths; screens. 
ASHES, 

32. Storage; mixed with refuse. 
GAS STOVES. 


33. Types; supports; protection of wood; piping; flue con- 
nection. 
PRESSING IRONS AND HEATERS. 

34. See “ Electrical’ above; see “ Gas Stoves” above. 

35. Gas heated irons; supports, tubing; shut-offs. 
GASOLENE STOVES. 

36. Type; filling. 
KEROSENE STOVES. 

37. Far safer than gasolene. 
ELECTRIC HEATERS. 

38. Types; supports; wiring; overheating; burns and 
shocks. 
ALCOHOL STOVES. 

39. Spilling alcohol; combustible surroundings; solid fuel. 
FORGES AND FURNACES. 

40. Types; locations; protection of wood; piping; ashes; 
indicating lights; gas and air piping. 


a 
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PORTABLE FORGES AND FURNACES. 


41. Pressure tanks; tank trucks; piping; hose; relief and 
shut-off valves; points where used. 


JAPANNING AND ENAMELING OVENS. 

42. Types; source of heat; locations; explosion hazards. 
SALAMANDERS. 

43. Type; combustible surroundings; asphyxiation; super- 
vision. 
SAND DRYERS. 


44, Non-combustible surroundings; steam piping; stoves; 
stove piping. 


TORCHES. 
45. Gasolene; kerosene; alcohol; leaks; burning off paint. 
HOUSEKEEPING. 
REGULAR CLEANING, 


46. Organization; facilities; baling presses for waste; in- 
spections. 


OILY MATERIALS. 
47. Common kinds; storage; disposal. 
CLEAN WASTE. 
48. Principal supplies; local supplies. 
DRIP PANS. 
49, Metal; motors; machines; maintenance. 
PACKING MATERIAL. 
50. Common kinds; storage; special protection. 
LOCKERS AND CUPBOARDS. 


51. Metal; wood; sprinkler protection; maintenance; inspec- 
tion. 


BLOWER SYSTEMS. 


52. Heating and ventilating; stock; refuse; blower construc- 


tion and location; ducts; dampers; vents; cyclones; dust dis- 
posal. 
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OILS AND PAINTS. 
LARGE STORAGE. 

53. See “ Fuel Oil” above; above ground; retaining walls; 
underground; pits. 
OIL HOUSE, 

54. Construction; oil handling; extinguishing apparatus; 
heating; lighting; ventilation. ‘ 

INSIDE OIL ROOM, 
55. See “Oil House” above. 
PUMP TANKS. 

56. On wheels; local supply; good practice. 
LOCAL SUPPLIES. . 

57. Amounts; containers; supports. 

GASOLENE AND OTHER INFLAMMABLE 
LIQUIDS. 
FIRE HAZARDS. 2 

58. Classified according to hazards; fire record. 
STORAGE AND HANDLING. 

-59. Underground tanks; pumps; hydraulic systems; air 
pressure systems; pump tanks on wheels; safety cans; sub- 
stituting kerosene. 

DIP TANKS. 

60. Location; construction; capacity; storage of supplies; 
overflows; automatic covers; room ventilation; naked flames; 
spray booths. 

DRY CLEANING, 

61. Fire record; segregation; static; humidity; foam extin- 
guishers. 
SEWERS, 

62. If possible, separate for volatile liquid wastes; traps. 
REFRIGERATING SYSTEMS. 

63. Ammonia life and explosion risk; lubricating oils; naked 
flames; testing; carbon dioxide, and other systems. 
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METAL POLISH. 
64. Non-combustible types far preferable. 


SPONTANEOUS COMBUSTION. 

65. Vegetable and animal oils; agricultural products; char- 
coal; lampblack; organic dusts; metal dusts; coal especially 
discussed. 

EXPLOSION HAZARDS. 
EXPLOSIVES. 

66. Storage; frozen dynamite; fire brigades posted. 

DUSTS. 


67. Industries affected. Kinds; building design and ar- 
rangement; equipment design; removal; special hazards. 


GASES. 


68. Conditions under which explosions take place; leakage 
prevention; ventilation; ignition sources. 


MECHANICAL RUPTURES. 
69. Types of apparatus; fire hazards; crippling fire fighting 
equipment. 
FILM HANDLING AND STORAGE. 


70. Slow burning films; legal regulations; storage; project- 
ing booths; projecting machines; sprinkler control. 


MATCHES. 


71. Parlor; tip; safety; safety box holders; furnishing to 
employes; labeled matches. 


SMOKING, 
72. Generally inadvisable; where reasonably safe; to apply 
to all persons; foreign language notices. 
LOCOMOTIVE SPARKS, 


73. Locomotive spark screens; stack spark hoods; hand- 
ling locomotive fires; incombustible roofing; window screens; 
not entering hazardous buildings; cleanliness. i¢ 
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LIGHTNING. 


74. Theory of protection; conductors; couplings and con- 
nections; air terminals; ground terminals; general installation 
suggestions; oil tanks. 


SPECIAL FIRE CAUSES 
ACID WORKS. 


75. Furnaces, Pyrite Burners—Construction and arrange- 
ment. Stills or Condensers—How arranged. Niter and Niter 
Bags—Where stored. Sealing and Packing—Where done. 


_ Principal Hazards—Strong hydrochloric and nitric acids will attack and 
ignite fibrous material and must be handled carefully. This is the chief 
hazard other than the furnaces and burners. 


AGRICULTURAL IMPLEMENT FACTORIES. 


76. These risks contain to a certain extent the hazards: of 
both wood and metal workers, to which reference can be 
made. 


Principal Hazards—Large dip tanks, generally without proper protection. 
Painting and varnishing, including oily rags. Also such wood-working 
hazards as lumber dry kilns and sawdust vaults. 


ASPHALT WORKS. 
77. See Roofing Paper Works. 
AUTOMOBILE FACTORIES, 


78. These frequently include the various hazards of wood 
and metal workers. Painting and Varnishing—Where done. 
Storage and handling of materials. Oily rags. Japanning— 
Storage and handling. How thinned. Japan ovens, how 
heated and arranged. Engine Testing—Handling, storage, 
and use of gasolene. Gasolene. Used for cleaning. Air 
pressure sprayers. 


AUTOMOBILE GARAGES AND REPAIR SHOPS, 


79. Gasolene. How stored and used. Open cans. Filling 
of cars. Air pressure spraying. Used for cleaning metal 
parts. Kerosene or other substitutes for cleaning. Forge or 
other open flame furnaces. Fuel. Where located. Solder- 
ing Irons. How heated. Oily Waste. Supply of cans. 


Principal Hazards—Careless use and handling of gasoline; automobile 
filling. 
wad 
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Fire Record—Gasolene fires outside of automobiles, but including filling, 
48%; automobiles (including carbureters, 10%), 19%; repairing and vulcan- 
izing, 10%; miscellaneous special hazards, 2%; common hazards, 21%. 


BAKERIES. 


80. Grinding. Sugar or starch. Arrangement of starch 
room. Any liability to.dust fre or explosion. Ovens. Con- 
struction. Arrangement. Fuel used. Doughnut Making. 
Arrangement of kettles. Fuel used. Flour Elevators and 
Cleaning. Liability to dust fire or explosion. Dry Rooms. 
How heated and constructed. Paper or Wooden Box Mak- 
ing. Printing. Where done. Benzine Tin Smithing. Sol- 
dering machines. Bisulphide of Carbon used as preventative 
of insects. Where stored and used. Gasolene. 


Principal Hazards—Ovens, Doughnut Kettles, Dryers. 
Fire Record—DBake ovens, 31%; ignition of grease, 15%; miscellaneous 
special hazards; 4%; common causes, 50%. 


BICYCLE FACTORIES. 
81. See Metal Workers. 


BLEACH, DYE, AND PRINT WORKS. 


82. Singeing. Location and construction of room. Cut- 
off. Method of heating. Chemicals. Where stored. How 
cared for. Lime, chlorates, benzol, naphtha, peroxide of so- 
dium, Turkey Red Dyeing. Construction of ageing and dry- 
ing room. Aniline Black Dyeing. Chlorates used. Oxidiz- 
ing room. Printing. Chlorate used for oxidizing. Cloth dry 
room. Cleaning of rollers. 

Principal Hazards—Singeing machine and fire in cloth after leaving 
machines, Use and storage of chlorate of potash. Dry rooms or boxes. 


Spontaneous combustion of dyed goods after drying or aging, especially 
black goods. 


. 


_ Fire Record—Singeing, 17%; drying, 15%; chemicals, 11%; spontaneous 
ignition of dyed goods, 10%; napping, 5%; miscellaneous special hazards, 
11%; common causes, 31%. 


BREWERIES AND MALT HOUSES. 


83. Elevators. Construction and care. Kilns. Location 
and construction. Fuel, Cut-off. Malt Roasters. Type. 
Fuel. Malt cooled thoroughly before placing in bins. Malt 
Mill. Construction. Location. Magnets over rollers. Grain | 
cleaned before reaching mill. Conveyors. Feed Dryers. 


J 
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Construction and arrangement. Brew Kettles. How heated. 
Vat Varnishing. Kind of varnish used. Where done. Pitch- 
ing of Kegs. Where done. How is pitch heated. Coopering. 
Where done. 


Principal Hazards—Pitching of barrels and kegs, and ignition of pitch 
due to defective heating arrangements. Poorly constructed malt’ kilns. 
Malt grinding. 


Fire Record—Barrel pitching, 174; malt mills, 10%; malt kilns, 5%; mis- 
cellaneous special hazards, 10%; common causes, 584. 


BRICK AND CLAY WORKS. 


84. Drying. Location and arrangement of dry rooms. How 
heated. Iron racks. Kilns. How constructed and arranged. 
Fuel. used. Combustible material nearby. Forming Ma- 
chines. Oil used. Packing Material. Where stored. How 
cared for. 


Principal Hazards—Poorly constructed kilns. Careless use of packing 
materials. 


BROOM FACTORIES. 


85. Bleaching. Ovens. How arranged. Gluing. Pots. 
How heated. Painting and Varnishing. Where done. Wood- 
working. If any, where done. 


Principal Hazards—Uncleanness. 


BRUSH FACTORIES. 


86. Similar to broom factories but not as dirty. 


CANDY FACTORIES. 


87. Cooking Furnaces and Kettles. Location. Construc- 
tion. Floors. Flues. Fuel. Roasters. For cocoa beans or 
nuts. How arranged. Bench Stoves. Kind. Where used. 
Fuel. Steam Tables. Kept clean. Free from woodwork. 
Starch Room. Grinding. Ventilated. Accumulation of starch 
dust. Open lights. Dryers. Sugar Pulverizers. Where lo- 
cated. Dusters or Sifters. Location. Arrangement. Dry 
Room. Steam or fire heat. Steam pipes properly arranged 
and kept clean. Dipping. Alcohol or other inflammable dip 
used. 


_ Principal Hazards—Poor construction and arrangement of cooking fur- 
naces or kettles. Dry Room. 
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Fire Record—Sugar mill, 10%; candy boiling, 8%; cocoa grinding and 
roasting, 13%; dry rooms, 3%; miscellaneous special hazards, 144; common 
causes, 52%. 


CANNING FACTORIES. 


88. Cooking and Kettles. How heated and arranged. Sol- 
dering Cans. Arrangement and location. Gasolene used. 
Glue or Paste Pots. How heated. Varnishing. How done 
and how is varnish handled and stored. Refuse. How cared 
for. 


Principal Hazards—Poor care of heating hazards combined with un- 
cleanly conditions. 


CAR HOUSES (ELECTRIC). 


89. Pits. Construction and care. Used for storage or ac- 
cumulation of refuse. Communicating with each other. Oils. 
Where stored. Oil lamps used and where filled. Repair 
Work. Painting, woodworking, machine shop, oily waste, 
armature baking ovens, forges, glue pots. Electrical Haz- 
ards. Defective car power wiring, heating, or lighting, trolley 
poles left on wires. Car Stoves. Safely arranged. Ashes, 
how cared for. 


Principal Hazards—Most serious fires start inside the cars from defective 


wiring or from stoves. General repair work adds considerably to the 
hazard of a car house. 


CARPET YARN AND WEAVE MILLS. 
90. See Woolen Mills. 


Fire Record—Picking, 30%; stock fires, 17%; carding, 164; drying, 8¢; 
dusting, 3%; miscellaneous special hazards, 13%; common causes, 13%. 


CARRIAGE AND WAGON WORKS. 


91. These risks partake of the hazards of both wood and 
metal workers, to which refer. 


Principal Hazards—Poor arrangement of forges, with combustible ma- 
terial nearby. Painting and oily rags. 


_Fire Record—Forging, 10%; woodworking machines, 7%; painting, 6%; 
oily rags, 4%; miscellaneous special hazards, 19%; common causes, 53%. 


CEMENT PLANTS, 


92. Raw Stock Drying. Type of cylinders and how heated. 
Stacks, how arranged. Coal Pulverizing. Grinding mills. 
Type ‘and location. Location and arrangement of dryers. 
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How heated. Pulverized coal, where stored. Kilns. Type 
and method of heating. Woodwork nearby. Conveyors. 


Principal Hazards—Ignition of coal dust at grinding mills or dryers. 
Woodwork near furnaces. 


CEREAL MILLS. 


93. Dusters or Cleaning Machines. Dust collectors. Dust 
room. Type of cleaning machine. Magnets. Dryers. Type. 
Where located. How heated. Aging. Location of electric 
ozone machine. Grinding. Type of machine. Magnets. 


Principal Hazards—Grinding machines. Dryers. 


Fire Record—Conveyors, 16%; dryers, 21%; grinding, 37%; cleaning, 114; 
common causes, 164. 


CHEMICAL PLANTS. 


94. The hazards vary greatly in this industry. A study of 
the processes and materials used is necessary in order to ar- 
rive at even a fair understanding of the fire hazard. 


Fire Record—lIgnition of chemicals, 33%; explosion, 12%; inflammable 
vapor, 5%; grinding, 6%; drying, 4%; miscellaneous special hazards, 114; 
common causes, 29%. 


CLOTHING FACTORIES. 

95. Waste Clippings. How cared for. Where stored. Sad 
Irons. Type and method of heating. Iron stands. Control 
of gas. Flexible tubing used. Arrangement of stoves. 
Charcoal used or stored. Waste Chute. Location and con- 
struction. 


Principal Hazards—Overheated sad irons igniting bench or combustible 
material due to gas or electric current being left turned on, Accumula- 
tion of waste material (under benches and around shafting). 


Fire Record—Waste Material, 224; sad irons, 25%; miscellaneous special 
hazards, 5%; common causes, 48%. 


COOPERAGE WORKS. 


96. Sawdust. How cared for. Blower system. Feed di- 
‘rect to boilers or to vault. Automatic dampers. Sawdust 
Vault. Construction. Location. Cut-off. Openings to 
same from outside. Dry Kilns or Rooms. Construction. 
Location. How heated. Steam pipes or blower system prop- 
erly arranged. Blower cleaned and well oiled and cared for. 
Barrel Drying. Location. Method of heating. Barrel Stor- 
age. Location. Piled, how high. 


Principal Hazards—Dry kilns. Sawdust vault and fuel in front of 
boilers. Barrel drying. 


Pall’ 
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Fire Record—Dry kilns, 21%; sawdust vaults, 17%; barrel drying, 84; 
common causes, 54%. 


CORDAGE WORKS. 


97. Stock. Where stored. Kind of stock used. Pickers 
or Breakers. Where located. -Care of waste material. Oils. 
Kind used. How fed to machine. Tarring. How heated. 
Where used. Main supply stored. Dryers. How heated. 
Kept clean. Steam pipes properly arranged. 


_ 


Principal Hazards—Storage of jute stock. Foreign material or hot bear- 
ings in pickers and cards. 


Fire Record—Pickers (inc. openers, etc.), 37%; carding, 30%; drying, 4%; 
miscellaneous special hazards, 13%; common causes, 164. 


COTTON MILLS. 


98. Stock. Where stored. Amount opened at once. 
Openers, Pickers, and Lappers. Location. Cut-off. Light- 
ing. Picker trunks protected. Dust Room. Location. Dust 
flue. Stock Conveyors. Between what rooms or buildings. 
Location of blower and method of stopping. Automatic de- 
vices or dampers. Stock fed direct from machine or into 
hopper by hand. Card Room. Location. Lighting. Nap- 
ping. Location. Dust, how conveyed away and _ where. 
Dryers. Type. Method of heating. Waste. Where stored. 


Principal Hazards—Openers or pickers, fire caused by foreign material 
in stock. Open lights or electric short circuits in picker and card rooms 
where accumulations of cotton fly. Stock conveyors cause fire due to 
friction or sparks, and fire may be blown from one building to another. 


Fire Record—Openers, pickers, and lappers, 52%; spinning and fly 
frames,13%; miscellaneous special hazards, 21%; common causes, 14%. 


COTTON WAREHOUSES, 


99. Compress. Boilers cut off. Compress cut off. Clean- 
liness. Bales. Kind. Stored on end or side. How high. 
Capacity of sections in bales or cu. ft. Outside Storage. 
Amount. Covered with tarpaulins. Spark exposure; source 
and distance. Miscellaneous. Smoking allowed on premises. 
Sources of fire. Office stoves and ashes. Stables. Storage 
of chemicals. Temporary lighting. 


Principal Hazards—Poor housekeeping, sparks, smoking, boilers. 


Fire Record—Cotton bale fires, 48¢; sparks from gin, 4%; spontaneous 
combustion, 3.5%; common hazards, 264. 
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COTTONSEED OIL MILLS. 


100. Cleaning Machines. Location. Dust blown where. 
Blower separator. Linters. Sand screen and magnets before 
reaching linter. Condenser and feeders. Construction. Cut- 
off. Accumulations of lint and dust. Lint ‘baled where. 
Hull House. How are seeds conveyed to hull house. 
Crushers. Heaters. Steam. Oil. How conveyed to storage 
tanks. Location of tanks. Press,Clothes. Material. Dried 
how and where. Stored after drying. Cake Grinding. Lo- 
cation of mill. Type. Hulls. Conveyed to boiler for fuel. 


Principal Hazards—Accumulations of lint and dust in cleaning and linter 
rooms, and sparks at linter due to foreign material. ~ 


Fire Record—Linters, 234; huller, 14%; gin, 11%; seed’ and hull houses, 
10%; conveyor systems, 7%; seed cleaning, 3%; miscellaneous special 
hazards, 10%; common causes, 22%. 


DEPARTMENT STORES. 


101. The modern department store has a multitude of spe- 
‘cial hazards, among which are the following: laundries, dry 
rooms, repair work, upholstering, painting and varnishing, 
restaurants, excelsior and packing, special decorations, waste 
chutes and vaults. y 


Fire Record—Waste chutes and vaults, 154%; kitchen stoves, 4%; irons, 
3%; miscellaneous special hazards, 84; common causes, 70%. 


DISTILLERIES (also see GRAIN ELEVATORS), 


102. Bone Black and Charcoal. How stored. Corn Shell- 
ers. Location. Ventilation. Corn Oil. Cake grinding. 
Dry rooms. Malt Mills. Magnets. Blowers. Malt Kilns. 
Construction. How heated. Stills. Where located, Dena- 
tured Alcohol. Where done. Storage and handling of wood 
alcohol, benzine, or other denaturing compounds. 


Principal Hazards—The hazards of the distillery are chiefly those of the 
grain elevator or malt mill and not the distilling processes. 


DRUG RISKS. 


103. Compounding. Use of heat or stoves, boiling or cook- 
ing of inflammable compounds. Gas stoves. Storage and 
Handling of Chemicals. Amounts and where stored. Ni- 
trates. Chlorates. Peroxide of sodium. Metallic sodium or 
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potassium. Anodyne. Picric acid. Carbon disulphide. 
Ether. Alcohol. Phosphorus. Collodion. Amylacetate. 
Acetone. Nitrobenzol. Benzine, naphtha, gasolene, or ben- 
zol. See Chapter 8, Dangerous Substances Found in Manu- 
facturing Plants. 


Principal Hazards—Compounding and boiling over or igniting of in- 
flammable compounds being heated on coal or gas stoves. 


Fire Record—Ignition of chemicals, 15%; ignition of volatile liquids, 
15%; compounding, 13%; drug grinding, 9%; dry boxes, 7%; miscellaneous 
special hazards, 2%; common causes, 39%. 


FERTILIZER FACTORIES. 


104. Acid Plant. Pyrites burners. Arrangement of Glov- 
ers Tower. Nitrate of Soda and Niter Bags. Where stored. 
Niter bags removed from premises. Raw Stock Storage. 
Spontaneous ignition of animal matter and tankage. Phos- 
phate Plant. Kilns and dryers. How arranged and heated. 


Principal Hazards—Storage and handling of raw stock. Niter bags. 
Pyrites burners, 


FLOUR MILLS, 


105. Cleaning Machines. Location and type. Dust col- 
léctors. Dust Room. Location and construction. Heaters 
or Conditioners. Construction and arrangement. Method of 
heating. Smut Machines. Location. Cleaned out frequent- 
ly. Bran Dusters. Location. Type. Bisulphide of Car- 
bon. Used for killing insects. 


Principal Hazards—Lack of cleanliness and accumulation of dust. Hot 


bearing, open light, or other ordinary fire hazard may cause explosion of ' 
flour dust. 


Fire Record—Spontaneous combustion of stock and dust explosions, 
12%; conveyors, 4%; grinding, 84; cleaning machines, 4%; miscellaneous 
special hazards, 1%; common causes, 714. 


FOUNDRIES, 


106. Cupola Furnaces. Roof nearby covered with non- 
combustible material. Platform and supports of iron. Com- 
bustible material near cupola. Melting Furnaces. Construc- 
tion and location. Combustible material nearby. Flues 
properly arranged. Ceiling. Flasks or Moulds. Where 


stored after using. Core Ovens. Construction and location. 
Fuel used. Charcoal. Where stored. 


_ Principal Hazards—Sparks or heat from cupolas igniting roof or load- 
ing platform. Hot metal or castings igniting combustible material. 
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Fire Record—Cupolas, 36%; melting furnaces, 13%; core ovens, 9%; 
molding and casting, 12%; miscellaneous special hazards, 12%} common 
causes, 184. 


FUR HAT FACTORIES. 


107. Dusters. Location. Dust blown where.  Stiffening. 
Denatural alcohol, where stored and used. Amount inside 
factory. _Location of stiffening room. Open lights. Dry- 
ing. Location and arrangement of dry room. Method of 
heating. Slatted floors over boilers. Clean. Alcohol Re- 
claiming. Type of machine. Location and arrangement. 
Finishing Irons. How heated. Slug furnaces or stoves. 
Fuel. Lure Stoves. How heated and arranged. Woodwork 
protected. Singeing. Gas flame, naphtha, kerosene. Main 
supply naphtha stored where. Steam Tables. Properly ar- 
ranged. Dryers. How heated and arranged. 


Principal Hazards—Use of alcohol, especially in the reclaiming process. 
Lure stoves ignite woodwork or combustible material on bench. Dirty- 
dry rooms. 


GAS WORKS. 


108. Generators. Combustible roofs. Combustible plat- 
forms or floors. Retorts. Combustible roofs. Combustible 
floors or platform. Oil Tanks. Screened vents. Shut-off 
valves. Retaining walls. Oil Pumps. Cut-off. Pressure 
regulators. Oil Piping. Connections screwed. Pressure re- 
lief valves. Exposed to breakage. Tar Fuel. Pump feed. 
Cut-off pump room. Tar Seals. Deeper than pressure re- 
lief. Combustible material in vicinity. Sewers. Trapped 
connection to each building. Covered. Purifiers. Seals. 
Open lights. Hose connections for purifier box fires. Oxide. 
Mixed on wood. Revivified on wood. Stored too close to 
buildings. Governor. Seals. Open lights. Holders. Serious 
exposure. Oil on outside of seals. Pentane. Lamps filled 
near lights. Stored where. Electrical. Vapor-proof globes 
and outside cutouts where gas danger. 


Principal Hazards—Escaping gas. Oil fires. 


GLASS WORKS, 


109. Kilns and Furnaces. Melting furnaces. Annealing 
ovens or leers. Blow furnaces. Glory holes. Flattening 
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ovens. Pot furnaces. Range ovens. Location, construction, 
arrangement, combustible material at safe distance. Flues. 
Fuel used. Oil heating ‘system. Dryers. Sand or emery. 
Construction and method of heating. Packing. Accumula- 
tion of straw or other packing material. 


Principal Hazards—Defective furnaces with woodwork nearby, open 
lights, and packing material. 


GLUCOSE AND STARCH WORKS. 


110. Elevators. Wooden or metal legs. Self-cleaning 
tops. Arrangement of chutes and spouts. Cleaning Corn or 
Grain. Drying. Arrangement of dry rooms. Liability to 
dust explosion. Grinding Starch. Liability to dust explosion. 
Converting. Process used. Any nitric acid used. Drying 
and Grinding Gluten. Type of machines used. ~ Location. 
Corn Oil Manufacturing. Process used. Char Kilns. Ar- 
rangement of same and handling of bone black or char- 
coal. Sulphur Burning. Arrangement of burners.  Stor- 
age of sulphur. Coopering, Box, or Bag Making. Where 
done. 


Principal Hazards—Starch grinders. Dryers. Char kilns. 


GLUE FACTORIES. 


111. Boiling and Evaporating. Kettles, how heated. Re- 
siduum Drying. Type of dryer. How heated. Construction 
of chutes. Sulphur Burning. Location and construction of 
ovens. Drying. Location and arrangement. Construction. 
How heated. 


Principal Hazards—Poorly arranged dry rooms with steam pipes against 
woodwork. 


GRAIN ELEVATORS. 


112. Smut and Brush Machines. Type and location. Dust, 
how disposed of. Dust Room. Location and arrangement. 
Corn Shellers, Location. Disposal of refuse. Feed Grinder. 
Location. Type. Dryers. Construction. Type. Method of 
drying. Location. Bleachers. Construction. Location. 
Sulphur burner. Spout cut-offs. Conveyors. Elevator heads 
and boots. 


Principal Hazards—Shafting out of line and hot boxes igniting dust. 
Dust accumulation and explosion or quick spreading fire. 
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Fre Record—Dust explosions, 34; conveyors, 28%; cleaning, 34; common 
causes, 66%. 


GROCERIES, WHOLESALE, 
(Including coffee roasters and spice grinding) 

113. Coffee Roasters. How arranged and where located. 
Fuel. Cleaning or Dusting. Where done. Blowers. Spice 
Grinding. Where located. Ventilation. Magnets in. feed 
spouts. Glue Pots. How heated.. Matches. Where kept and 
how handled. Kettles. How used and purposes for which 
used. Candy Making. Dry Rooms. Location and arrange- 
ment. Sugar Grinding. 


_ Principal Hazards—Coffee roasters and spice grinders. are frequent 
sources of fire. 


INSULATED WIRE FACTORIES. 

114. Tinning. Tinning furnaces, how arranged and heated. 
Compounds. Storage of sulphur and lampblack or carbon. 
Rubber Drying. Location and arrangement of dry rooms. 
How heated. Vulcanizers. Location and arrangement. 
How heated. Waxing. Location. Mineral wax or paraffine 
used. How heated. 


Principal Hazards—Use of hot wax.or paraffine in large quantities. Dry 
rooms. 


KNITTING MILLS (Full Process). 


115. Pickers. Where located. Class of stock used. Cards. 
Stock used. Picked or lapped before carding. Open or 
closed cards. Solder Pots. How heated. Dryers. Type 
and location. Steam jet. Dry Room. Location. How 
heated. Arrangement of steam pipes. 


Principal Hazards—Low grade cotton stock and foreign material causes 
frequent fires at first breaker card. Cotton or mixing pickers poorly ar- 
ranged. Dirty dry boxes or dry rooms. 

Fire Record—Picking, 44%; carding, 25%; miscellaneous special hazards, 
16%; common causes,15%. 


LAUNDRIES, 


116. Dryers. Location and construction. Type. How 
heated. Kept clean. Ironing. Ironing machines, how heated. 
Gasolene gas. Sad Irons. Type and method of heating. 
Iron stands. Control of gas. Flexible tubing. Arrange- 
ment of stoves. Charcoal used or stored. Gasolene. How 
stored and used. 
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Principal Hazards—Dryers poorly constructed of combustible material 
and not kept clean. Spontaneous ignition of clothes dried in rotary dry- 
ers. Gas or electric heated sad irons left turned on. 


Fire Record—Dry rooms, 26%; gasolene, 10%; irons, 8%; miscellaneous 
special hazards, 12%; common causes, 12%. . 


LINSEED OIL WORKS. 


117. Seed Elevators and Conveyors. How cared for. 
Grinding. Bearings. Naphtha Process. Cookers. Press 
cloth dry rooms. Cooper Shop. Painting. 


Principal Hazards—Use of naphtha, and conveyors and bearings. 


MATTRESS FACTORIES, 


118. Stock Used. Kind and where stored. Stock Dusters: 
Location and arrangement. Cleanliness. Cut-off. Pickers. 
Where located. Cut-off. Class of stock used. Garnet Ma- 
chines. Location. Carding. Where located. Cut-off. Class 
of stock usea. 


Principal Hazards—Low grade mixed stock and general lack of clean- 
liness. Pickers handling low grade stock. Garnets and cards. 


Fire Record—Pickers, 49%; garnets, 10%; raw stock, storage, and 


handling, 8%; carding, 6%; dusters, 4%; miscellaneous special hazards, 8¢; 
common causes, 15%. 


METAL WORKERS. 


119. Oils. Where stored. Acids. Where stored. Oily 
Steel Chips. How cared for. Forges. Construction. Fuel. 
Flues. Roof. Floor. Fuel Oil. Method and arrangement. 
Furnaces and Mufflers. Construction. Location. Fuel, 
Flues. Process. Enameling and Tinning Furnaces. Con- 
structon. Location. Fuel. Flues. Oil Tempering. Loca- 
tion. Construction of room, Oil, how heated. Japanning, 
Painting, and Varnishing. Main supply stored. Where used. 
Amount in factory. Dip Tanks. Construction. Protection. 
Overflow. Covers. Open lights used. Japan Ovens. Loca- 
tion. Construction. Method of heating. Ventilated. Lac- 
quering. Main supply stored. Where used. Amount in fac- 
tory. Lacquer Ovens. Location. Construction. Method of 
heating. Buffing. Care of buffing dust. Blower systems. 
Dust, where deposited. Use of oil polish on cotton wheels. 
Gas Burners, for Soldering, etc. Fixed (not movable). Com- 
bustible material nearby. Benzine and Gasolene (for clean- 
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ing, etc.). Main supply stored outside. Safety cans used. 
Glue Pots. How heated. Arrangement. Pattern Making. 
Care of sawdust. Dry kilns. Oily Waste. How cared for. 
Waste cans emptied daily. 


Principal Hazards—Defective furnaces or mufflers, or combustible ma- 
terial nearby. Japan dip tanks and ovens. Poor care of oily waste. Spon- 
taneous combustion of buffing dust. 


Fire Record—Forges and hot metal, 5%; furnaces and mufflers (includ- 
ing fuel oil), 11%; oil tempering, 2%; Japanning (including dip tanks and 
ovens), 10%; lacquering, 2¢; buffing, 5%; benzine, 3%; miscellaneous special 
hazards, 11%; common causes, 51%. 


OIL-CLOTH AND LINOLEUM WORKS. 


120. Oil Boiling. Away from risk. Compound Mixing. 
Where done. Main supply stored. Benzine used. Where 
stored. Coating Machine. Location. Knives grounded to 
carry off static electricity. Drying. Construction and ar- 
rangement of dry rooms. Method of heating. Cork Grind- 
ing. Where done. Dust well cared for. 


Principal Hazards—Oil boiling. Drying rooms or cells. Frictional elec- 
tricity at coating machines. 


Fire Record—Dry rooms, 30%; coating machines, 21%; cork grinding, 
12%; miscellaneous special hazards, 20%; common causes, 17%. 


PACKING HOUSES. 


121. Cooperage. Location. Barrel furnaces or stoves. 
Dry rooms. Rendering. Location of lard department. Cut- 
off. Steam heat used. Waste and Fertilizer Tanks or Dry- 
ers. Location. Type. Fuel. Construction. Smoke Houses. 
Location. Construction. Cut-off. Grid over fires. Comy 
bustible rods or hangers. Accumulation of soot; cleaned out 
frequently. Branding Irons. How heated. Printing or 
Marking Ink. Where mixed. Material used. Soldering 
Irons. Where used., How heated. 


Principal Hazards—Cooperage department. Burning out of smoke 
houses due to ignition of soot, or fat or grease dropping on fire. Ordinary 
causes make serious fires due to presence of grease and oil in large 


quantities. 
PAINT AND VARNISH WORKS. 


122. Oil Boiling. Non-combustible building and isolated. 
Storage Tanks. Location. Filling. Vents. Benzine. Alco- 
hol. Turpentine. Oils. Method of pumping or conveying 
to buildings. Lampblack. Where kept. Paint Mills. Where 
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located. How cleaned. Rosin. Boiling and storage. Dry- 
ers for colors. How heated. Japan Varnish or Mixed Paints. 


Where made and proportion of benzine. Cooperage. 


Principal Hazards—Inflammable vapors. Color drying. Spontaneous 
ignition of colors or lampblack. 


Fire Record—Inflammable vapors ignited, 16%; color drying, 7#; dry 
color grinding, 44; rosin boiling, 9%; paint grinding, 34; spontaneous com- 
bustion of color, etc., 11%; varnish boiling, 12%; miscellaneous special 
hazards, 10%; common hazards, 28%. 


PAPER BOX FACTORIES. 


123. Glue Pots or Paste Machines. How heated. Waste 
Material. How cared for. Benzine. For cleaning. Drying. 
How arranged. 


Principal Hazards—Accumulation of waste material. 


Fire Record—Waste paper, 9%; glue pots, 5%; miscellaneous special 
hazards, 18¢; common hazards, 684. 


PAPER MILLS. 


124. Stock. Kind and where stored. Sorting. Blower 
system for removing dust under benches. Dusters. Where 
located. Rag Pickers. Location. Cut-off. Cutters. Stock 
handled. Location. Lime. Where stored. Amount. Rotary 
Boilers. How arranged. Inspected. Sizing Kettles. How 
heated. Lamps. Sealing wax, how heated. Shafting. Prop- 
erly cared. for. Drying. Steam pipes properly arranged. 
Where done. Waterproofing. Processes. 


Principal Hazards—Stock preparing machinés handling rags, jute, or 
miscellaneous ‘dirty stock. Over-heated bearings. 


Fire Record—Raw stock, 23¢; dusters, 10%; cutters, 3%; paper machine 
and ventilators over same, 7%; miscellaneous special hazards, 24; common 


causes, 55%. 
PICTURE FRAME FACTORIES. 


125. Gilding and Finishing. Use of alcohol, benzine, shel- 
lac, varnish, etc. Glue Pots. How heated. Steaming Ovens. 
Steaming tables. Dip Tanks. Covers, overflow. Rubbing 
Waste and Rags. How cared for. Refuse. 


Principal Hazards—Careless use of combustible liquids, and poor care 
of waste material. 
POTTERIES. 


126. Kilns. Use of fuel oil. Dryers., How arranged and 
heated. Decorating. (4 , 


Principal Hazards—Overheated kilns and combustible material. 
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PRINTING, BINDING, AND LITHOGRAPHING. 


127. Benzine. Where used. Amount. Main supply 
stored. Safety cans used. Type of Rollers. How cleaned. 
Material used. Benzine substitutes. Waste Paper. How 
cared for. Oily Waste. How cared for... Waste cans. 
Lampblack. Where stored and how. Glue Pots. How 
heated. Finishing Tools. How heated and arranged. Var- 
nishing. Where done. Kind of Varnish used. Main supply 
stored. How applied. Dryers. 


Principal Hazards—Poor care of oily waste and sweepings, and careless- 
mess in the handling of benzine. Varnishing a considerable hazard where 


used. 


Fire Record—Oily rags, 22%; waste paper, 57%; benzine, 4%; electrotyping, 
3%; photo-engraving, 22; miscellaneous special hazards, 10%; common 


causes, 54%. 


PULP MILLS, 


128. Ground, Sulphite, or Soda Process. Sulphur. Where 
stored. Any combustible material in room or woodwork 
nearby. Sulphur Burners. How arranged. Location. Can 
burning sulphur overflow and ignite combustible material. 
Digesters. Location. Arrangement. Method of heating. 
Chip Room. Location. Cut-off. Chip Conveyor. Construc- 
tion. Shaft bearings accessible and well cared for. Cookers. 
Location and arrangement. Any heat other than steam. Re- 
claiming Furnaces. Location. Cut-off. Fire-resistive con- 
struction of room., .Arrangement and construction., Fuel. 

Principal Hazards—Burning sulphur igniting woodwork.. Hot bearings 
at chip conveyor. Soda ash reclaiming furnace. 


Fire Record—(Sulphite Pulp). Chipping and chip conveyors, 23%; sul- 
phur burning, 7%; miscellaneous special hazards, 10%; common causes, 60%. 


RICE MILLS. 


129. Brush Machine. Construction of brush box. Steam 
jet. Sprinklers. Attrition»Machine, Location. Magnets in 
spouts, at machine. Paraffine. Used. Heated. Threshing. 
Chaff, how disposed of. Dust Room. Location. Arrange- 
ment. Dust blown inside. 

Principal, Hazards—Spark at attrition machine igniting the dust. 
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ROOFING PAPER WORKS (see PAPER MILLS). 


130. Compound Mixing. Asphalt, gums, oils, etc. Where 
stored and mixed. Coating. Coating tanks and machines. 
Where located. Waste Material. How cared for. 


Principal Hazards—Inflammable compounds and uncleanly conditions. 


RUBBER FACTORIES. 


131. Reclaiming. Kind of stock handled. Storage of 
ground stock. Wet or dry process. Dryers. Location. Ar- 
rangement. Mcthod of heating. Kept clean. Spreaders. 
Location. Cut-off. Where done. Varnish where mixed. 
Main supply stored. How handled. Amount in main 
buildings. Compound. Where mixed. Churn room. Cut- 
off or detached. Properly ventilated. Amount naphtha used, 
How is compound or rubber cement conveyed to spreading 
or making rooms. Varnishing. Where done. Cut-off. Var- 
nish, where mixed. Main supply stored. Heaters. Location. 
Construction. Heating. Open steam jet. Devulcanizers. 
Type. Location. Heel Presses. How heated. Rubber Dry- 
ing. Location. Heating. Hard Rubber. Bisulphide of car- 
bon used. Where used and stored. 


Principal Hazards—Spontaneous ignition of ground stock and stock 
being dried in reclaiming process. Use of large quantities of benzine com- 
pounds as in churn room, spreader room, varnish room, and making room, 
Charring and ignition of woodwork of heaters. 


SHEET METAL WORKERS (see METAL WORKERS). 


132. Japanning. Dryers and ovens. Lacquering. Care of 
lacquer. Soldering. Method of heating. Dip Tanks. Cov- 
ers and overflow. Liquid used. Welding. Heat used. Ben- 
zine. How used. 


Principal Hazards—Numerous heating hazards with open flame and in- 
flammable liquids. ’ 


SHOE SHOPS, 


133. Pasted Heels. Paste, how heated. Drying. Cutting 
Board Scrapings. How cared for. Rubber Cement. Main 
supply stored. Amount in factory. How used. Safety cans. 
Open lights nearby. Naphtha. Main supply stored. Safety 
cans. Cork Filling. Where used. Mixed with naphtha com- 
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pounds. Oil Proof, or other compounds using naphtha. 
Wax Cups. How heated. Alcoline or wood alcohol. Where 
stored. Used for lamps for heating wax or shoe tools. Buf- 
fing Dust. How disposed of. Wax Filling for heels. How 
heated. Shoe Dryers. How heated and arranged. Lamp- 
black. Where stored. Polish Making. Wax heated. Tur- 
pentine. Stain or Edge Blackings. Naphtha used for mixing 
or thinning. Edge Setters. How heated. D. & G. or other 
gasolene carbureter used. Shoe or Kit Tools. How heated. 
Waste Chute. Location. Construction. Doors. Discharges 
where. Cement and Oil House. Location. Distance from 
factory. Construction. 


Principal Hazards—General and careless use of naphtha cement and 
other naphtha compounds. Use of oil and gas wax heaters and wax’ boil- 
ing over and igniting. Spontaneous ignition of cutting board scrapings. 


Fire Record—Cementing, 13%; bottoming, 5%; finishing, 10%; cutting 
board scrapings, 6% waste chute, 3%; miscellaneous special hazards, 25%; 
common causes, 42%. 


SUGAR HOUSES. 


134. Grinding or Diffusion Process. Kettles. Open. Heat- 
ing. Cooperage. Location. Barrel heaters. Chemicals. 
Sulphur, lime, or acids, where stored. Bagasse Burner. Lo- 
cation. Arrangement. _Bagasse for fuel under boilers. Hot 
Room or Dryer. Location. Steam pipes. 

Principal Hazards—Bagasse burning and poor arrangement and location 
of burners or boilers. 


SUGAR REFINERIES. 


135. Char House. Fire-resistive construction. Cut-off. 
Char Kilns. Construction. Method of heating. Location. 
Bone Black. Where cooled. Lime. Where stored. Sugar 
Bags. Dried in risk. Construction and location of dryers. 
Boiling. Steam heat. Dry Rooms. Location. Construction. 
Heat. Grinding and Pulverizing. Dust properly cared for, 

Principal Hazards—Poorly constructed char kilns not cut off. Sugar 
bag drying. 

TANNERY AND CURRY SHOPS. 


136. Tannery. Bark or chemical tanning. Bark Mill. Lo- 
cation. Cut-off. “Step” well oiled and cared for. Water 
Spray. Method of conveying ground bark to leach house. 
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Fleshings. Where stored. Oil and Grease. Kind used. 
Amount.. Where stored. Floors kept clean. Whitenings. 
How often cleaned up. Where stored. Chemicals. Lime, 
lampblack, where stored. Drying. Method of heating. Pat- 
ent or Enamel Leather. Compound or dattb where mixed and 
main supply stored. Amount naphtha used. Where is coat- 
ing done. Ovens or Dryers. Location and construction. 
Method of heating. 


Principal Hazards—Bark mill. Use of naphtha in making patent leather. 


TOBACCO WORKERS. 
(including Cigars and Cigarettes). 


137. Box Making. Cigar box. Care of sawdust. Vaults. 
Dryers or Dry Rooms. Construction. Method of heating. 
Drying machines. Dusters. Dust conveyors. Grinders. 
Care of dust. Licorice Kettle. How heated. Paste Pots. 
How heated. Hog or scrap wood brecker. 


Principal Hazards—Dryers of various kinds and dry rooms. 


Fire Record—Dry rooms, 14%; hog breaker, 14%;.machine dryer, 7%; 
miscellaneous special hazards, 8%; common hazards, 57%. 


WINDOW SHADE FACTORIES. 


138. Benzine for thinning and washing or cleaning. Where 
stored and how used. Dip Tanks. Covers and overflow. 
Where located. Drying. Where done. Heat. Flat or fes- 
toon. Hand or Machine Coating. Paint Grinding. Colors. 
Volatile liquids used. Varnishing. How done and dried. 


Principal Hazards—Use of benzine in quantity. Dry rooms. 


WOOD WORKERS. 


139. Waste Burner. Type. Location. Sawdust. How 
cared for. Blower system. Fed direct to boilers or to vault. 
Automatic dampers. Sawdust Vault. Construction. Loca- 
tion. Cut-off. Openings to same from outside. Chutes or 
Conveyors. Construction. Location. Glue Pots. How 
heated. Dry. Kilns or Rooms. Construction. Location. 
How heated. Steam pipes or blower system properly ar- 
ranged. .Blower clean and .well oiled. and. cared: for. ..Caul 
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Boxes. Construction. How heated. Steam pipes against 
woodwork. “Clean. Oils, Varnish, Fillers, Turpentine. 
Amounts used. Where stored. Metal or wood barrels. How 
thinned. Benzine or Naphtha. Main supply stored. 
How much used and where. Open lights. Dip Tanks. Size. 
Location. Number. Construction. Automatic covers. Over- 
flow pipes. Oil Room. Construction and location. Cleaning 
or Rubbing Rags. How cared for. Excelsior. Where used. 
Main supply stored. Bending or Embossing Machines. How 
heated. 


Principal Hazards—Spark in shaving vault of fuel in front of boilers. 
Benzine dip tanks. Dry kilns. Spontaneous combustion of rubbing rags. 


Fire Record (Rough Woodworkers)—Sawdust vaults and blower sys- 
tems, 25%; dry kilns, 16%; miscellaneous special hazards, 4%; common 
Causes, 55%. 

Fire Record (Furniture Factories)—Sawdust vaults and blower sys- 
tems, 12%; dry kilns,12¢; dip tanks, 6%; hand varnishing and finishing 
Tags, 20%; miscellaneous special hazards, 5%; common causes, 45%. 


Fire Record (Saw Mills)—-Sawdust vaults, 74; dry kilns, 14%; refuse 
burners, 5%; miscellaneous special hazards, 7%; common causes, 67%. 


WOOLEN MILLS. 


140. Rag Carbonizing. Wet or dry process. Construction 
and arrangement of furnace. Type and method of heating 
of dryers. Stock Used. Shoddy or rags stored where. Oil. 
Kind used on stock. Amount in picker room. Dusters. Lo- 
cation and arrangement. Cleanliness. Cut-off. Shoddy Pick- 
ers and Gauze Rooms. Location. Construction. Cut-off. 
Mixing Pickers, Lumpers, Wool Pickers. Location. Cut-off. 
Garnet Machines. Location. Wool Cards. Class of stock 
worked on same. Cotton used. Stock Dryers. Locatidn. 
Construction. Method of heating. Cloth Dryers. Type. 
How heated. Sulphur Bleaching. Where done. Construc- 
tion. Arrangement of sulphur pot. Can combustible mate- 
rial fall into pots or be ignited by sulphur overflowing. 
Stock Conveying System. Blower system. See Cotton Mills. 


Principal Hazards—Carbonizing dryers. Shoddy pickers. Friction at 
card or spark due to foreign material where mixed or low grade stock 
used. Sulphur bleaching. 

Fire Record (Shoddy Mills)—Pickers, 42%; carbonized stock dryers, 21%; 
garnet machines, 10%; cards, 9%; miscellaneous special hazards, 10%; com- 
mon causes, 84. 


CHAPTER 10 
RETARDING THE SPREAD OF FIRE 


1. The following chapters deal with building construction 
and fire retardant equipment and are intended to serve as a 
guide in constructing, altering, and equipping buildings so 
that the spread of fire may be reduced to a practical mini- 
mum: 

Chapter 11—Fire-Resistive Construction. 

Chapter 12—Mill Construction. 

Chapter 13—Structural Improvements for Existing Build- 
ings. 

Chapter 14—Roofs and Roof Coverings. 

Chapter 15—Protection of Openings in Walls and Parti- 
tions. 

In addition, the following chapters bear in part, at least, 
upon the broad subject of retarding the spread of fire. 

Chapter -16—Building Codes. 

Chapter 36—Egress. 

Chapter 38—Protection of Records and Valuables. 

Chapter 39—Conflagration Hazard and Protection. 

2. The purpose of this chapter is to set forth certain funda- 
mental considerations involved in retarding fire spread, and 
to correlate the above listed chapters. 


HOW FIRES SPREAD. 


3. Fires spread primarily in three ways and in the manner 
listed in the following divisions: 


1—From floor to floor of the same building through 


-A—Unprotected floor openings, such as those for ele- 
vators, stairs, dumb waiters, belt ways, chutes, and 
pipes, and through light wells. 

B—Fires burning through floors. 

C—Fires burning through protection provided for ver- 
tical openings. 
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D—External windows or other wall openings. 
E—Smoke passing into upper floors and smoke explo- 
sions following. 


2—From building to building (adjoining) through 


A—Unprotected wall openings. 

B—Failure of fire doors or other protective coverings 
for wall openings. 

C—Lack of parapets. 

D—Flashing over or around parapets and igniting com- 
bustible walls, roofs, roof coverings, monitors, or 
pent houses. 

E—Passing from windows in one side to those on oppo- 
site side of a division wall. 

F—Diagonal exposure of wall openings at right angles 
to each other. 

G—Heat passing through walls, especially at points 
where timbers are let into them. 

H—Smoke passing through wall openings and smoke 
explosions following. 

I—Failure of walls through explosions, upsetting by fall 
of imbedded structural members, or other causes. 


3—From building to building (not adjoining) through 


A—Inflammable roofings. 

B—Combustible cornices. 

C—Overhanging roofs. 

D—Unprotected wall openings. 

E—Permanent or temporary openings through which 
sparks or brands can pass. 

F—Combustible exterior walls. 

G—Combustible monitors and pent houses. 

H—Combustible additions, passages, or other structures. 


4, In fires in individual buildings, radiated heat under still 
air conditions has ignited combustible building trim as much 
as 500 ft. distant from the fire. In conflagrations, the “hot 
blast” (invisible heat) traveling ahead of the fire may ignite 
combustible material as far as several thousand feet away. 


. 
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THE IDEAL BUILDING. 


5. Only the most modern buildings of certain types, such 
as office buildings, hotels, and schools, by the use of fire- 
resistive construction, metal doors and trim, and metal frame 
wired glass windows throughout, approach the ideal struc- 
tural conditions where the amount of combustible material 
in any one fire area is small, the construction is such that 
fire in one section practically cannot spread to another, and 
exposure fire cannot enter the structure. Could our cities 
and isolated industrial plants be generally so constructed, the 
need of expensive fire fighting equipment would largely fall 
away, and conflagrations or other devastating fires would be 
a thing of the past. 

6. No such situation exists in any city, and very few in- 
dustrial plants, by reason of superior building construction 
and contents of low combustibility, need no attention from 
the point of view of retarding the spread of fire. While in 
many plants the existing conditions, especially if sprinklers 
are provided, may not warrant extensive improvements of 
this character, careful consideration of this subject is always 
in order when one or more of the following conditions exist: 


a—Building construction combustible. 
b—Contents inflammable. 
c—External exposure present. 


7. All insurance rating schedules take into account such 
factors as building construction, unprotected vertical open- 
ings, areas of fire sections, and exposures, and there fre- 
quently is a financial incentive to design a new plant correctly 
or to improve an existing one as regards fire spread. 


IMPROVEMENTS FREQUENTLY NECESSARY. 


8. In ordinary buildings, there is almost always an oppor- 
tunity or a necessity of doing the following: 


a—Protect vertical openings. See Chapter 13. 

b—Treat existing walls between sections so as to secure 
the maximum of fire-resisting power. See Chapter 
15. 
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c—Eliminate combustible exterior construction and attach- 
ments to important buildings that are exposed. See 
Chapter 13. 

d-——Provide protection for wall openings for important 
buildings badly exposed. See Chapter 15. 


9. The likelihood of a serious fire in a sprinklered plart is 
small, as proved by experience, but it is not safe to trust 
alone to sprinklers to protect very large values where build- 
ings or contents are combustible. When automatic fire fight- 
ing equipment fails and fire fighting forces cannot cope with 
a fire, fire walls and protected wall openings are the last line 
of defense. That these agencies of fire defense have been 
successful in a large number of important instances is a mat- 
ter of general knowledge. 

10. Generally speaking, a building constitutes practically 
no exposure to others, providing it is sprinklered, except un- 
der conflagration conditions. 

11. How serious conflagration exposure to a sprinklered 
plant may be was demonstrated in the Salem conflagration 
in 1914, where the Naumkag Steam Cotton Company mill, 
valued at over three million dollars, was almost completely 
destroyed by exposure fire. No large industrial plant can be 
expected to have a large enough water supply and fire fight- 
ing organization to defend itself against conflagration attack- 
ing simultaneously literally hundreds of unprotected wall 
openings. 


-NEW BUILDING DESIGN. 


12. In designing new plants, the modern tendency is to do 
the following: 


a—Employ fire-resistive or incombustible construction 
throughout. 

b—Limit fire areas where contents are combustible to 
25,000 sq. ft. (the limit recommended by the National 
Board Building Code). 

c—Protect vertical openings in buildings over one story 

' high. 

_d—Provide metal frame wired glass window protection 
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where exposure exists, and frequently as a matter 
of general policy because: 
1—Exposure may develop later, even if not al- 
already present. 
2—Floor to floor fire spread is a possibility under 
adverse conditions. 
3—Breakage hazard is less than with plain glass. 
4—Metal sash has operating advantages over 
wooden ones, such as remote control. 
Note: Metal sash glazed with ordinary glass is far su- 
perior to wooden sash, as wood may ignite by radi- 
ated heat and thus transmit fire to the building. 
e—When exposure is severe and wired glass alone may not 
afford adequate protection, a combination of auto- 
matic rolling shutters and wired glass is being em- 
ployed. See page 242. 
f—Another satisfactory combination against moderate ex- 
posure is metal sash, glazed with non-wired glass, 
and with automatic rolling shutters on the outside. 


13. Fig. 22 illustrates a number of methods of guarding 
against the spread of fire through a group of buildings. 


DETAILS OF METHODS OF IMPROVEMENT. 


14. A consideration of the list of means by which fire may 
spread between floors of the same building and between ad- 
joining buildings or those near each other will frequently 
suggest the proper remedies, but the following specific refer- 
ences and suggestions will facilitate consideration of the de- 
tails of the problem. 

15. The figures refer to corresponding ones in a preceding 
section of this chapter. 


1-A. Unprotected Floor Openings. See Chapter 13. 

1-B. Burning through Floors. Fire will search out uner- 
ringly any weak spot in the construction, such as 
thin sections of flooring, cracks between floor 
boards, or openings caused by shrinkage. 

1-C. Burning through Protection for Vertical Openings. 
It is necessary that the materials used for protect- 
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ing vertical openings and the devices placed upon 
them have fire-resisting powers at least equal to 
the floors, and obviously that materials and devices 
be kept in repair. A dumb waiter shaft fire door 
that is nailed in the open position may vitiate a 
thousand dollars worth of other fire spread protec- 
tion. 
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1-D. Via External Windows. See Chapter 15. While fire 
may destroy approved wired glass windows in the 
stories in which fire breaks out (glass softens 
enough to fail at about 1700° F. and fires often 
reach temperatures over 2000° F.), it is not likely 
to destroy also the windows in the floors above 
because these are not so directly attacked. 

1-E. Smoke Explosions. To eliminate this possibility may 

“require, in addition to tight floors and protection 
of vertical openings, proper ventilation of the 
‘building by the fire department. or fire brigade 
when it arrives. 

2-A. Unprotected Division Wall Openings. Chapter 15 is 
devoted largely to this subject. 

2-B. Failure of Fire Doors. See Chapter 15. Failure of 
‘fire doors may be due to any one of the following 
fundamental reasons: 

a—Fire doors not on each side of wall so as to 
give two lines of defense and valuable air 
space between them. 

b—Fire doors substandard as regards tinclad cov- 
ering or other structural features. 

c—Fire doors partially or improperly equipped 
with hardware. 

d—Fire doors not closed, owing to lack of or 
failure of human or automatic action. 

e—Combustible sills, door frames, or other con- 
struction close to door openings conveying 
fire. 

f—Fire so intense that doors or hardware are 
destroyed. 

2-C and D, Passing Over or Around Walls. It is obvious 
that where a division wall is not continued through 
the roof, and where roof is combustible on both 
sides, fire is almost certain to spread beyond the 
wall if the fire is of any duration. The need of 
complete protection against fire spread at the roof 
line is particularly great because the fire fighting 
force frequently cannot readily reach the upper 
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floor and the roof to prevent spread of fire at that 
point. The following represents good engineering 
practice: 


Fic. 23. 


STANDARD PARAPET WHERE RooFsS AND MONITORS ARE COMBUSTIBLE 


on Botu S1Ipes 


a—Where roofs on both sides of division wall 
are fire-resistive or incombustible no para- 
pet is required. 

b—Where roof of one side of party wall is fire- 
resistive, nO parapet is required, even if 
building has combustible contents. 

c—Where roof on one side of division wall is 
incombustible, no parapet is required if con- 
tents cannot burn. 

d—Under all other conditions, parapets must be 
provided. 
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-16. Where parapets are provided, the following is good 
practice: 

a—Roofs at same level require minimum parapet 
OL FZ Et 

b—Where one or both fire areas are large or 
very combustible, parapets as high as 5 
ft. and even higher may be warranted. 

c—Where monitors exist one one or both sides, 
proceed as shown in Fig. 23. The 3-ft. 
dimension may need to be increased, as 
covered by “b.” 

d—Where roofs are at different levels, parapet 2 
ft. above the higher level may be sufficient. 

e—Minimum thickness of parapet to be 12”. 


17. The question of the height of parapets required is one 
on which the underwriters having jurisdiction should be con- 
sulted. 

18. The wing wall illustrated in Fig. 22 shows how fires 
can be prevented from passing around walls. A wing wall 
is absolutely necessary where both buildings are frame, and 
desirable where one building is frame. The minimum projec- 
tion should be 5 ft. in the former case and 3 ft. in the latter. 

19, Overhanging roofs, if they cannot be removed, consti- 
tute a fire spread menace, even if the division wall is corbelled 
out so as to cut through the roof at all points. This is due 
more to the overhang being attacked diagonally from be- 
low than horizontally at the roof line. 

20. Among the advantages of flat roofs over sloping ones 
is that the outer walls of the buildings can more readily be 
parapeted without introducing snow and rain removal prob- 
lems. 

21. Roof coverings and their relative fire retardant values 
are covered in Chapter 14. 


2-E, Passing Around Division Walls via Windows. Fire 
issuing from windows near the division wall can 
readily, and particularly under influence of wind, 
sweep diagonally upwards and across the wall to 
the other side. For buildings of ordinary height, 
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considerable protection is secured if the outside 
walls of the one building are blank for a distance 
of 20 ft. to 30 ft., or if windows are protected on 
both sides of the wall for about 20 ft. on each side. 
The character of construction, the height of build- 
ing, and the contents are factors which bear on 
this point. See 1—D, above. 

2-F. Diagonal Exposure. Fig. 22 shows several ways of 
treating exposure, namely, with at least one blank 
wall for not less than 30. ft., and with shutter or 
wired glass protection on both walls for an equal 
distance. 

2-G. Heat Passing Through Walls. There is a case on 
record where a severe exposure fire so heated a 
12” thick brick wall that combustible finish on the 
opposite side was ignited. The minimum thickness 
of brick in exterior walls should be 8”, and in divi- 
sion walls 12”, at any point where exposure may 
be at all severe. With division walls, the chief 
weakness comes from letting floor timbers into 
walls on one or both sides, frequently immediately 
opposite, Sometimes timbers are carried through 
walls, sometimes they abut, and sometimes they 
overlap. The result is obviously fatal to good 
division wall conditions, partly because of the 
burning out of timbers and partly because of the 
tearing out of bricks if timbers fall. 

Fig. 27, page 193, shows self releasing floor tim- 
bers set into brick walls. 

To secure proper wall thickness behind timbers, 
they can rest on corbelled out brickwork, be sup- 
ported on wall brackets, although this is not as 
good a method, rest on timbers bolted to the wall, 
or be alternately let into the wall on opposite 
sides. 

Although in no sense of the word the equivalent 
of a solid brick wall as regards structural strength 
or fire resistance, furnace tests have’ shown wood 

studs covered with metal lath and plaster to possess 


. 
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fire retardant properties of at least 1 hr., which 
makes this form of protection a very valuable 
feature in many situations. 


2-H. Smoke Explosions. A particularly serious explosion 


and fire causing a heavy loss in a cotton storage 
warehouse is attributed to a comparatively small 
unprotected hole admitting smoke to a section ad- 
joining the one in which fire had broken out. The 
closing up of needless openings and the protection 
with tightly fitting doors or shutters of those which 
remain is the remedy. 


2-I. Failures of Walls. To guard against failures of walls 


hase 


wo > 


a 
SO 


at time of fire it is obvious that new division walls 
should be particularly substantial. It is generally 
the practice to make division walls 4” thicker than 
outside walls. A minimum thickness of 16” is gen- 
erally advisable. Old walls occasionally can be 
strengthened by repairs, and floor timbers can be 
made self releasing, although this is generally both 
difficult and expensive. 


. Inflammable Roofings. See Chap. 14. 


Combustible Cornices. Cornices should be removed 
where possible. If they must remain, and if hol- 
low, they should be stopped off at intervals of not 
more than 30 ft., and cut off from the inside of 
the building. Covering them with lock jointed tin 
or metal lath and plaster is a step in the right di- 
rection, 

Overhanging Roofs. See par. 19, above. 

Unprotected Wall Openings. See sections 1-D, 2-E, 
and 2-F, above. 

Sparks and Brands. The remedy obviously is to keep 
closed or to protect with screens all scuttles in 
roofs, monitors, other ventilating openings, and 
even ordinary windows in buildings where the spark 
hazard is particularly to be feared. See Chapter 
13. 

Combustible Exterior Walls. Where wooden exterior 
walls are subject to exposure the means of safe- 
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guarding them, other than replacing with brick or 
concrete, are generally to employ outside sprink- 
lers or hose streams. Covering wood with metal 
lath and plaster gives considerable protection. 

3—-G. Monitors and Pent Houses. This subject is touched 
on in Chapter 13. See also 2-D, above and Fig. 
23. 

3-H. Combustible Additions. Removal or cutting off is 
generally advisable. See Chapter 13. 


CHAPTER 11 
FIRE RESISTIVE CONSTRUCTION 
By JOHN STEPHEN SEWELL * 


1. The term “ fire-resistive ” has very properly replaced the 
term “ fire-proof” when reference is made to buildings, for 
no material available to man for construction purposes is 
proof against damage by fire, unless the fire is of slight 
intensity and short duration. Even our kilns and furnaces 
yield and must be periodically re-built. But it is possible so 
to construct buildings that they resist fire to a very consid- 
erable extent; it is even possible thus, ultimately, to prevent 
great catastrophes, and to diminish ordinary fire losses so as 
to yield a satisfactory return upon the greater investment 
required. 


STANDARDS OF RESISTANCE. 


2. All the materials used in construction resist fire to some 
extent, but none of them is absolutely proof against damage 
by fires of the intensity often attained in experience. Exist- 
ing buildings vary from the flimsy combustible structure eas- 
ily ignited, to the high class building which would probably 
protect its contents in a conflagration, which will certainly 
confine a fire originating within to the unit of space in which 
it starts, and which, even in a conflagration, would suffer 
damage amounting, probably, to not more than 20% of its 
sound value. 

3. The latter standard is very high, quite expensive, not of- 
ten commercially practicable, and, therefore, rarely exempli- 
fied. A much lower standard, if universally applied, would, 
in the judgment of the author, completely eliminate the Con- 
flagration Hazard, and, combined with the proper elements 
of an active defense, satisfy all reasonable requirements. 

4, From the standpoint of attack by fire, a fire-resistive 
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structure is nothing but a fortification; a passive resistance. 
No fortification in itself and apart from human activity ever 
decided a battle or a campaign; nor can human beings con- 
struct a building that would not ultimately yield to fire, suf- 
ficiently intense and long continued. Relatively light defen- 
sive works combined with aggressive human activity are 
superior to much heavier works, without it. So, the course 
of wisdom in this matter of reducing the fire loss, is to look 
well to the active defense, which is the decisive factor and 
should never be neglected. From this standpoint, sprinkler 
systems and other extinguishing apparatus, inspections, and 
fire prevention regulations of all sorts are part of the active 
defense. 


EVOLUTION OF THE FIRE-RESISTIVE BUILDING. 


5. In early attempts at “fire-resistive ” construction, it was 
considered sufficient to make the principal parts of a building 
of incombustible materials, and to this day the fact that 
“incombustible” and “ fire-resistive” are not synonymous 
terms is not always clearly recognized. It has required long 
and costly experience to bring about a realization of the fact 
that stone, cast iron, rolled steel, and wrought iron are not 
fire-resistive, although incombustible under ordinary condi- . 
tions. 

6. In the early days of fire-resistive construction, and even 
to the present time, the differences of opinion as to the rela- 
tive merits of various “ fire-resistive’’ materials have been 
greatly accentuated by conflicting commercial interests; the 
result has been that the layman or novice might well be ex- 
cused if he found in the state of the art even now much that 
is confusing and contradictory. However, enough data have 
now been accumulated from actual fires and from the admir- 
able tests conducted at the Underwriters’ Laboratories * and 
elsewhere, to'enable architects and engineers to specify quite 
exactly the type or types of fire-resisting structure best adapted 
to each individual case. 


* See comprehensive report entitled ‘‘ Fire Tests of Building Columns ” 
following tests at Chicago jointly under the auspices of the Associated 
Factory Mutual Fire Insurance Companies, the National Board of Fire 
Underwriters, and the U. S. Bureau of Standards. An excellent extract 
appears in the October, 1921, quarterly of the N. F. P. A. See page 183. 


&. 


166 Handbook of Fire Protection 


7. Among early buildings of a monumental type are found 
some built almost entirely of brick work, except, possibly, 
the facing of the exterior walls, which is often of stone. The 
interior construction is all of brick bearing walls and piers, 
carrying arches of brick work, which support the floors. So 
far as resistance to an interior fire is concerned, the structural 
parts of such a building are as nearly fire-resistive as any- 
thing that has ever been built, or is likely to be built. But for 
reasons which are apparent enough such buildings are not 
commercially possible, and will not be further considered. 

8. Other early buildings have had brick bearing walls, cast 
iron floor beams, and brick floor arches. Sometimes in the 
interior of such buildings, brick piers or cast iron columns 
have served to support cast iron girders, which in turn car- 
ried the beams and floor arches. With improvements in the 
processes of making wrought iron and steel, rolled shapes 
took the place of cast iron, and then speedily followed the 
evolution of the type of building in which the floors are car- 
ried entirely by a skeleton or frame composed of steel col- 
umns, girders, and beams. Sometimes the exterior walls of 
such buildings carry themselves from the foundations up, and 
sometimes they, as well as the interior partitions, are carried, 
story by story, on the metal frame work; but, in any case, 
the walls of such buildings are nothing but curtains and have 
no structural duty to perform, except that required to hold 
themselves in place. 

9. Economy of steel led to the development of various 
types of floor slabs and arches which are lighter than brick 
arches; of these the hollow terra cotta arches, the gypsum 
(plaster of paris) reinforced slabs and arches, and the rein- 
forced concrete slabs and arches are the principal types. In 
the development of the reinforced concrete building, girders, 
beams, and floor slabs came first, followed by interior col- 
umns, then by a complete frame-work, and finally by the use 
of exterior walls, where architectural considerations have not 
required the use of other material. 

10. The popularity of the reinforced concrete building is 
well deserved, and, while the structural design is probably 
not on the same high plane as that of steel frame building, 
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the failure of finished buildings is exceedingly rare, and of 
those under construction almost equally so. 


NECESSITY OF PROTECTING STRUCTURAL 
MEMBERS. 


11. At first, no attempt was made to protect metal struc- 
tural members from fire. Cast iron, without protection of 
any kind, was recommended even by underwriters as a fair 
fire-resisting material, long after structural engineers had 
condemned it as unreliable for carrying loads, and especially 
for resisting shock and vibration. Cast iron columns cer- 
tainly came through a number of fires in the beginning with 
very little damage, probably because the fire attack was not 
very severe. That unprotected rolled shapes, whether in the 
form of columns, girders, or beams, lose their rigidity at a 
low temperature, was soon recognized, and they were 
classed as non-fire-resistive; notwithstanding. their greater re- 
liability for structural duty, it is only within recent years that 
underwriters have looked upon them with favor, even when 
well protected. 

12. Fires and conflagrations of recent times have demons- 
trated that no unprotected metal structural member is even 
reasonably safe, and that, after all, the difference between 
cast iron and rolled steel is very small. This has led to the 
protection of structural members by means of a covering de- 
signed to prevent them from attaining a dangerously high 
temperature. 

13. For a long time, the preservation of the structural 
frame-work intact seems to have been the whole object of 
designers. At any rate, this was about all that was accom- 
plished in the Baltimore and prior fires, and even this much 
was not accomplished at San Francisco. 


FIRE-RESISTIVE COVERINGS. 


14. A treatise on fire-resistive buildings should touch upon 
structural details before reaching the subject of fire-resistive 
coverings. But this is not a treatise, and the current practice 
of the best engineers is upon such a high plane, so far as 
structural design goes, that it is only necessary to refer to 
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the many articles descriptive of such designs in the technical 
periodicals to secure all needed information. The subject of 
protective coverings is not so well developed because their 
design, for a long time, was left to those having only a com- 
mercial interest in them; but technically supervised furnace 
tests and the experience of past fires have brought about some 
improvement, and the way seems open for more in the fu- 
ture; progress in such matters is not rapid, but it is not 
wholly lacking. See Fig. 171 for standard time-temperature 
curve used by Underwriters’ Laboratories, Bureau of Stand- 
ards, and others in the furnace tests on column protection, 
structural materials, fire retardants, etc. 

15. The materials used to protect the structural members 
of a building from fire are all included under the heads of 
brick, terra cotta, concrete, gypsum, and plaster of various 
compositions. 

16. Of these, brick is by long odds the most efficient, when 
properly made and properly used; but it is also the most ex- 
pensive. : 

17. Terra cotta and concrete can be made to approximate 
it in efficiency, but only at approximately the same cost. 

18. Gypsum (plaster of paris) is an excellent non-conductor 
(it has by far the lowest conductivity of any incombustible 
building material) and expands but little under the applica- 
tion of heat. In more recent years gypsum has been ac- 
cepted as standard for the protection of columns, girders, 
and beamis, as well as for Hoor slab construction. 

19. Ordinary wall plaster, usually lime, on metal lath of- 
fers more or less resistance to fire. As used in the past, it 
has been incapable of protecting important structural mem- 
bers, a class of service which could not be expected of it. 
Recent tests by Underwriters’ Laboratories on both sanded 
and fibred gypsum on metal lath has shown very consider- 
able fire resistance. Approximately equal results probably 
are obtainable with portland cement mortar properly applied 
to metal lath. The cement gun has distinct usefulness in this 
field, See page 171. 

20. It may be stated here that any incombustible material 
with a reasonable amount of structural strength may have its 
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sphere of usefulness in fire-resistive construction. A great 
deal is gained, from the conflagration point of view especially, 
when an exposed building is entirely incombustible in itself, 
whether it is fire-resistive or not. 

21. Materials subject to the action of fire may fail in one 
or both of two ways; either through molecular or chemical 
changes and consequent loss of strength, or through mechan- 
ical rupture under stresses induced by expansion. 


CHARACTERISTICS OF BRICK. 


22. Bricks and terra cotta used for fire-resistive covering 
should be made of clay, requiring a temperature of at least 
2,200 degrees F. to vitrify it. The product will then be se- 
cure against destructive molecular or chemical changes in 
any ordinary fire, provided it has been burned to a point just 
short of vitrifaction. A porous structure such as is produced 
by mixing sawdust with the clay makes the product a poorer 
conductor of heat, and also enables it, within limits, to yield 
to the compression induced by expansion stresses without 
mechanical rupture. But the main strength of brick work 
lies in the fact that it is used in small units, and though it. 
may be laid in the strongest cement mortar, the numerous 
joints make it possible for each brick to yield a little to ex- 
pansion stresses, without destroying the brick work itself. 
Very hard, dense bricks may suffer some by superficial spall- 
ing, but it requires many applications of fire seriously to 
diminish their value as a protective covering from this cause. 
Bricks, being of homogeneous texture for considerable thick- 
ness, may attain a high temperature on the exposed face and 
remain relatively cool on the opposite face, without having, 
at any point, a destructively high rate of change of tempera- 
ture, with its consequent severe expansion stresses. 


CHARACTERISTICS OF TERRA COTTA. 


23. The cellular construction of terra cotta, and the large 
size of units ordinarily employed, make it peculiarly liable to 
destruction by expansion stresses and this has been its chief 
weakness in actual fires. The exposed webs, being very thin, 
quickly reach a high temperature; where the exposed webs 
join the inner webs, there is a rapid rate of change of tem- 
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perature, accompanied by severe expansion stresses, and the 
thin webs, not having the mechanical strength to resist them, 
break off. This action has resulted in completely stripping 
the covering from columns, and in the total failure of terra 
cotta floor arches. The cellular construction of terra cotta 
has often been urged as an advantage, on the theory that 
dead air spaces were thereby created, with high insulating ~ 
value. But-air spaces, to be of value in fire-resistive cover- 
ings, must be perfectly dead, and enclosed in walls of such 
strength as to insure them against rupture. To make the 
large cells of hollow terra cotta blocks perfectly dead re- 
quires a perfection of manufacture and setting that is entirely 
unattainable in practice, and to render their walls secure 
against rupture from expansion stresses, the web of the tiles 
would have to be from one inch to two and one half inches 
thick, with all interior angles rounded to a radius of at least 
two inches. If hollow tiles were made in this way, they 
would be just as efficient as solid bricks made from the same 
clay, but they would also be just as heavy and just as expen- 
sive. 


CHARACTERISTICS OF CONCRETE. 


24. Concrete owes its strength to the hydration of the ce- 
ment, which, in setting, takes up a certain amount of water 
of crystallization. This water is essential to its strength. 
At temperatures above 600 degrees F., this water begins to 
be driven off, and the cement loses strength. When dehydra- 
tion is complete, the strength of the cement, or concrete, is 
practically destroyed. The process of dehydration is slow, 
however, and the dehydrated material is a poor conductor 
of heat; it generally remains in place for some time, thus 
retarding the process of dehydration in the interior of the 
mass. Concrete generally spalls more or less under expan- 
sion stresses, but not to a fatal degree. Concrete made of 
cinders or clinkers does not usually spall, and sometimes it 
seems not to be weakened, in a fire. There is no question 
that concrete, properly made and used, is an efficient fire- 
resistive material, within the practical meaning of that term. 
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CEMENT GUN. 


25. The Cement Gun employs compressed air to shoot a 
mixture of sand, cement, and water (added at the nozzle) 
against steel, concrete, wood, or other material. Where par- 
titions or walls are erected, a backing of building paper is 
used to prevent the spray being dispelled into space. The 
resultant deposit, called “Gunite” by the manufacturer of 
the Cement Gun, adheres closely, is exceedingly dense, has. 
reasonable fire-resisting ability, and as a wall or partition, be- 
cause of the reinforcing used, it has good stability and re- 
sistance to heavy impact. Underwriters’ Laboratories, after 
extensive tests, has issued approval covering exterior and in- 
terior 12” hollow non-bearing walls (two 2” slabs with 8” 
air space between) and exterior and interior 2” solid non- 
bearing partitions. For repairing concrete damaged by fire 
or otherwise, the Cement Gun should be of great value. — 


DETAILS OF APPLICATION OF FIRE-RESISTIVE 
COVERINGS TO STEEL FRAMES 


26. In the following paragraphs are set forth the essentials 
of protecting different structural members against fire. 
COLUMNS. 

27. The members of a steel frame requiring protection are 
the columns, girders, and floor beams. Of these the columns 
are the most important yet their protection is usually the 
poorest of all. A thoroughly satisfactory method of fire- 
proofing a column is to cover it with four inches of brick 
work, and to fill the entire space inside with Portland cement 
concrete. Results almost as good will be obtained by mak- 
ing the covering of an equal thickness of concrete instead 
of brick work, in which case the covering and filling would 
be one homogeneous mass. The failure of a column is such 
a vital matter that nothing less than the best should be ac- 
cepted as a fire-resistive covering, and building laws ought 
to require it. If columns were protected as above described, 
the protective masonry would stiffen them so that no allow- 
ance would be required for flexure in designating them. 
Moreover, they might very well be designed for higher work- 
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ing stresses, if protected in this way. In a fire, a column 
that stays cool, under working stresses as high as 20,000 
pounds per sq. in., is much to be preferred to one with work- 
ing stresses half as high, but not adequately protected from 
heat. Even if working stresses are not increased, the extra 
cost of the kind of column protection herein described as 
compared with that ordinarily used would not amount to 
_more than three cents per sq. ft. of floor surface of the aver- 
age building, so it is not by any means prohibitive. With 
the suggested increase in working stresses, the saving in steel 
would fully cover the extra cost of the protection. 

28. Until recently the most common type of column pro- 
tection’ was hollow tiles simply laid up around the column, 
with or without metal bands to tie them together. The thick- 
ness of the webs was just sufficient to enable the material to 
be handled in manufacture, and to stand up in the kilns, 
where the heat is gradually and uniformily applied and each 
individual piece is relatively free to expand and contract as a 
whole. Experience in the great fires of the past twenty years 
abundantly proves the inadequacy of this type of covering. 
One notable recent advance is the very usual practice of 
filling all the space between the steel and the outer covering 
with concrete. Besides the ordinary hollow tile covering, 
metal lath and plaster have been used; but this is not an 
adequate protection for so important a member as a column. 
Brick and concrete coverings have been frequently used,— 
and where they have been properly applied no instance of 
failure in an actual fire is known. The other forms have 
failed, frequently and disastrously, with buckling of columns 
and consequent collapse of floors above. See Fig. 25, page 
184. 


GIRDERS, 


29, Girders come next to columns as important members 
of steel frames. They generally project below the floors and 
have rather severe exposure in a fire. It is customary to 
cover their lower flanges with wire lath and plaster, with 
shoes of hollow tiles, or with concrete or gypsum. The sides 
are protected with the same materials. The lath and plaster 
covering is always inadequate; the other types are almost 
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always made too flimsy, in an attempt to save weight. The 
lower flanges should be protected with from two and one half 
to four inches of solid terra cotta, concrete, or gypsum. If 
the flanges are wide, some form of metal mesh should be 
imbedded in or should surround the protective covering, and 
be anchored on top of the lower flange into the side protec- 
tion; the object of this being to prevent the covering from 
falling off, in case it is cracked by the heat. The webs of 
girders should be protected quite as heavily as the flanges, 
but here hollow tiles, with webs not less than one and one 
half inches thick, and well rounded interior angles, will be 
adequate, and will serve to build the side covering out flush 
with the covering of the lower flange, without excessive 
weight. The side covering should extend entirely to the top 
of the girders and the top flange should be covered with at 
least two inches of good concrete, or of gypsum, or with bricks 
laid flat. 

30. In general where concrete or gypsum is used for the 
protection of steel members, it should be exptcted that from — 
one half to three fourths inch of the material will be de- 
stroyed by dehydration in the first fire. Adequately to repair 
the covering the damaged material should be completely re- 
moved, then the member should be wrapped with expanded 
metal or wire lath, well secured with steel staples or expan- 
sion bolts. The covering should then be restored to its orig- 
inal profile with cement or gypsum, plaster, applied in one 
coat. In the application of a cement coating there is a dis- 
tinct sphere of usefulness for the cement gun. In the event 
of a second fire, the metal mesh would probably remain in 
place, and the dehydrated material could be knocked off and 
then replaced, as before. This applies to column coverings 
as well as girder coverings. 


FLOOR BEAMS AND ARCHES, 


31. The floor beams of a steel frame should be protected 
with solid terra cotta skewbacks, at least one and one half 
to two inches thick, or with a somewhat greater thickness of 
solid concrete or gypsum; if terra cotta is used, the skew- 
backs should be solid, with only small holes in them to per- 
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mit of proper burning, or else they should be of the side 
construction type, with webs at least two inches thick, and 
well rounded interior angles. End construction skewbacks 
should not be permitted, as the object is to solidly enclose 
the lower flange and the web of the beam in homogeneous 
fire-resistive material. 

32. For carrying the floors from beam to beam, nothing 
better, from a fire-resisting and load-carrying point of view, 
has ever been devised than the segmental brick arch. If 
combined with solid protecting skewbacks, this form of floor 
could not be improved upon, except on the score of appear- 
ances where a flat ceiling is desired. A four-inch arch, with 
a reasonable rise, will carry the heaviest loads over any span 
found in any building, with perfect safety; and the same 
qualities that make solid bricks the best material for the 
arches of furnaces and the domes of kilns make them the 
best material for floor arches, if weight and a curved ceiling 
are not objectionable. 

33. If weight must be saved, and a flat ceiling is impera- 
tive, then a flat hollow tile arch, on the end construction 
plan, but with the solid skewbacks above described, is the 
best form; but the webs should be at least one inch thick, 
and in important buildings, one and one half inches should 
be the minimum. 

34. Reinforced concrete slabs may be used to span the 
space from beam to beam; when combined with adequate 
protection for the webs and lower flanges of the beams, this 
form is as good as the heavy terra cotta above described, 
better than ordinary terra cotta flat arches, and almost as 
good as brick arches. Gypsum floor slabs and arches can be 
used, and made fully equivalent to ordinary flat bottom tile 
arches; but either of these forms is almost certain to be so 
damaged in a fire of considerable intensity as to require 
complete renewal. Suspended metal lath under a flat hollow 
tile arch of the ordinary kind, and plastering on the lath, as 
was done at Baltimore, is not an adequate method of re- 
pairing arches which have lost their soffit webs in a fire; 
and especially when the arches are of the side construction 
type. 
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REINFORCED CONCRETE BUILDINGS. 


35. If the framework of a building is wholly or partly of 
reinforced concrete, the members demanding attention are 
still the columns, girders, and floor beams. 


COLUMNS. 


36. A reinforced concrete column has a reinforcement im- 
bedded within it, consisting of a group of light longitudinal 
steel members disposed in a regular manner, within, but near 
the periphery, and usually connected with each other by 
horizontal or spiral metal bands. Considered from the point 
of view of structural duty alone, there should be enough con- 
crete outside of the reinforcements thoroughly to protect it 
from corrosion, and no more. The reinforcement should be 
so disposed as to reinforce the column against buckling in 
any direction, and the steel and concrete together should be 
capable of carrying the load with unit stresses, which will 
not call for deformations beyond safe limits for the concrete. 
This is a complicated and intricate subject, involving intimate 
knowledge of the materials, and of applied mechanics, and 
then a ripe and mature judgment on the part of the designer. . 
See Fig. 25, page 184. 

37. The ideal way to treat it as a fire-resistive member is 
to make the structural part as a unit, then enclose it with 
drums or slabs of reinforced concrete, made of metal lathing 
and a concrete designed especially to resist fire. For this 
purpose, an aggregate of broken bricks, broken to pass a 
three fourths inch ring, or of a clean, thoroughly burned 
clinker, is the best. The fire-resistive covering should be at 
least two and one half inches thick, and should be applied 
to the column after the latter has set: If this method is not 
adopted, then the only other way is to include in the column 
itself enough surplus material outside of the reinforcement to 
allow for probable fire damage, without affecting the struc- 
tural value of the column. While dehydration does not 
ordinarily take place to a greater depth than one inch, cracks 
may penetrate much farther, and if the outer part of the col- 
umn itself is to furnish the first line of defense, the surplus 

material should be at least four inches thick. 
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38. It is very bad practice, as a general proposition, to use 
the same material for structural duty and also for resisting 
fire. The fire alone will give it stresses enough to resist, 
without having them super-added to existing structural stress. 
If the reinforced concrete column is made larger, with a 
view to standing a certain loss of its own material without 
having its undamaged part reduced below safe limits from a 
structural point of view, the material added for fire-resisting 
will participate in the load-carrying functions of the column, 
in spite of all that can be done; to that extent it will be less 
able to resist fire. The plan of a separate fire-resistive cov- 
ering is so much better that it should be required in all im- 
portant cases. Even if fire cracks should extend entirely 
through this separate covering, and even if the entire covering 
reached a temperature sufficient to soften steel, the column 
within could not suffer any serious damage in any fire likely 
to occur, For this reason a thickness of two and one half 
inches is considered sufficient for the separate fire-resistive 
covering of a reinforced concrete column, while four inches 
is considered necessary, if the fire-resisting is incorporated 
with the column itself. 


GIRDERS AND BEAMS. 


39. Reinforced concrete girders and beams offer a large 
saving as compared with steel girders and beams protected 
against fire. This is the only valid reason for their use as a 
general proposition, but it is sufficient. In the present state 
of the art, it is necessary to incorporate their fire-resistive 
covering with the members themselves, or else sacrifice the 
economy due to their use. 


REINFORCEMENT OF BEAMS. 


40. Concrete beams should be reinforced with horizontal 
members to take the tensile stresses due to flexure; and with 
web members to take up the tensile stresses due to shear. 
The theory of the reinforced concrete beam is very complete 
at the present time, and no detailed discussion such as ap- 
peared in earlier editions of this work is necessary. How- 
ever, one or two points should be emphasized. 
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a—The stresses in horizontal members consist of the ac- 
cumulated horizontal components of web stresses. 
The bond of the concrete should not be depended 
upon to connect the web members to the horizontal 
members but this should be done by connecting web 
members securely to horizontal members, steel to 
steel. See Fig. 24. 

b—Web members should be spaced so as to take up the 
tensile stresses due to shear, where they originate. 

c—Web members should always be inclined at an angle of 
not more than 45° to the horizontal for uniform 
loading; if serious concentrated loads are to be ex- 
pected, the angle should be less than 45° to prevent 
the possibility of compressive stresses in web mem- 
bers near the points of concentration. 


FLOOR SLABS. 


41. The floor slabs of a reinforced concrete building may 
be of solid reinforced concrete, or they may consist of a 
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Fic. 24. Proper Form oF REINFORCED CONCRETE GIRDER OR BEAM. 


Full Lines Denote Reinforcing Members for Girder; Dotted Lines Rein- 
focement for Columns—‘A” “A” Shows Reverse Reinforcement— 
“x” Rods Securely Fastened to Bar. 


series of parallel reinforced concrete joists, cast in between 
rows of hollow tile spacers. In either case, they should be 
reinforced and protected in the same manner as the beams, 
for they are nothing but beams applied to a special purpose. 
They are of less importance than beams and girders, and 
may receive the minimum of protection, but it should not 
consist of less than one inch of surplus concrete, even in 
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extreme cases; as a general rule, one and one half inches 
should be the minimum protection for the reinforcing mem- 
bers. A reinforced concrete slab—whether of solid concrete, 
or of concrete joists and hollow tile spacers—is much more 
secure under the impact of falling objects than a hollow tile 
slab between steel beams. Where a solid reinforced concrete 
slab is used with a framework of the same material, a sus- 
pended ceiling below the slab is an excellent addition, just 
as in the case of a similar slab supported by steel beams. 


MUSHROOM TYPE OF CONSTRUCTION. 


42. This is a form of reinforced concrete that has been 
widely and successfully used. It consists of a continuous 
slab of uniform thickness, except near and around the col- 
umns, resting on columns with expanded (or mushroom) 
heads; often, the slab itself is thicker for some distance from 
the. columns. This type obviates girders projecting below 
the ceilings, probably reduces the necessary height of stories 
in many cases, and is claimed to be more economical in first 
cost. The stresses in its various parts are bound to be more 
or less indeterminate,—but that is probably true to a greater 
extent than is generally believed of all sorts of structures,— 
even the steel-frame type. In any case, enough empirical data 
have been accumulated from deflection tests of actual struc- 
tures under different conditions of loading, to permit of any 
type of structure in common use being designed with an 
adequate factor of safety, no matter to what extent it may 
defy purely theoretical analysis. The author would remark, 
in passing, that the desire of structural engineers to make 
the stresses in structures theoretically determinate, has re- 
sulted in the use of much material that might have been saved. 
Buildings of all kinds, on reasonably good foundations, would 
be much lighter, just as secure under load, more rigid un- 
der vibration, and materially less expensive, if the principle 
of continuity of members had been more generally accepted, 
in spite of the uncertainty as to actual stresses. Reinforced 
concrete has forced continuity of structure upon us in spite 
of ourselves, and it is the secret of the success of many build- 
ings, which, when tested by the ordinary methods of analysis, 
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seem dangerously inadequate, but are evidently not so, as a 
matter of fact. 


REPAIRS AFTER DAMAGE BY FIRE. 


43. This is a subject not often adequately considered. The 
record of loss adjustments after every serious fire is sufficient 
to prove its importance, especially when considered in con- 
nection with the kind of repairs often made. In the case of 
steel frame structures all that is necessary is to realize the 
importance of the question. The data are available to en- 
able the designer to handle the question properly. 

44, In the case of reinforced concrete columns, this con- 
sideration greatly emphasizes the importance of a covering 
not integral with the necessary structural part of the column. 
See par. 37. In the case of girders, if the reinforcing steel 
has not taken a permanent deflection due to the fire,—and if 
the web members are fastened adequately and directly to the 
main members, damaged material can be knocked off and 
new material applied, so as to restore the damaged member 
to its former usefulness. Here the cement gun would seem 
to have a sphere peculiarly its own. Where concrete, added 
for fire protection, is integral with that required for structural 
duty, and where dehydration, spalling, and cracking have de- 
veloped to a serious extent, it must always be problematical 
to what extent adequate repairs can be made,—and to what 
extent reconstruction may be necessary. In the latter case, 
the removal of the fatally damaged members introduces an 
element of cost that may make a fire loss “ more than total.” 


PARTITIONS. 


45. The materials available for partitions are bricks, con- 
crete, heavy hollow tiles, gypsum, light hollow tiles, and 
plaster on metal lathing. Combustible materials are not con- 
sidered in this connection. It is not possible to arrange par- 
titions in the order of their merit, based on the materials 
used in their construction, because so much depends also on 
the manner in which they are used. The type to be adopted, 
and the degree of resistance to be attained, depend upon the 
duty expected of the partition in each case. Ifa part of the 
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duty of the partition is to accomplish the general subdivision 
of a large floor area for fire protection purposes, then the 
partition should develop a resistance equal to that. of the 
main structure of which it is a part; if its duty is merely to 
subdivide space for convenience of daily use, it should be 
strong enough to stop one moderate fire; even if the dam- 
age suffered requires complete renewal of the partition, this 
is a small matter. If such partitions confine a fire starting 
within, to the place of its origin, they have done their full 
duty; to make them much stronger than this is financially 
unjustifiable. 

46. It should not be forgotten that in actual fires, expan- 
sion stresses have wrecked many partitions whose resistance 
was otherwise sufficient. Wooden studs extending from 
floor to ceiling and wooden lintels incorporated in hollow 
tile partitions, have often been a source of fatal weakness. 
The ability to resist tensile stresses due to expansion is a 
strong point in favor of reinforced concrete, as a fire stop. 
There is no feason why such reinforcement may not be pro- 
vided, where necessary, for brick walls as well. It is nearly 
always possible to make some allowance for expansion, in 
the design; partitions carried on the structure, story by story, 
—or several stories at a time,—need not be wedged tightly 
in between floor and ceiling; light metal guides on either 
side at the ceiling can be used to enclose a small space left 


tor expansion, and will also strengthen the partition against 
being overthrown. 


FIRE-RESISTIVE PROPERTIES OF THE BUILDING 
AS A WHOLE. 


47. If a building is constructed and its members protected 
in accordance with the best standard indicated in what pre- 
cedes, it will stand the combustion of its contents without 
very serious damage to itself, except in extreme cases where 
the contents are capable of producing a very hot and very 
prolonged fire. But it might still be gutted by a fire 
originating within, unless other matters also are carefully 
considered. 

48. The first of these is adequate subdivision of the in- 
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terior space by partitions capable of holding a serious fire, 
together with protection of stairways, elevators, and floor 
openings, so as to prevent the communication of fire through- 
out the interior. See Chap. 13. Sprinklers and other forms 
of active defense come in here, along with the more passive 
resistances. 

49. The second important matter is the protection of: the 
building from exposure fires,—which, if adequately done, will 
equally prevent the building from passing a fire originating 
within to its neighbors, through unprotected openings,—and 
will, of course, make the building highly efficient as a con- 
flagration stop. See Chap. 15. 


GENERAL CONSIDERATIONS. 


50. The standards of fire-resistive construction implied in 
this chapter are high; had they been realized in the so-called 
fire proof buildings involved in the great conflagrations of 
the last twenty years,—along with reasonable protection 
against exposure fires,—these buildings would have given a 
much better account of themselves, and would have justified 
the greater first cost of the higher standards,—at least, from 
the standpoint of the business community as a whole, and 
from that of the minimum drain upon the accumulated in- 
surance capital of the country. Unfortunately the interests 
of owners and the community in this matter have not been 
brought into entire accord; and there are limits set by the 
amount and cost of available investment capital which often 
make it impossible to attain the standard that is most desir- 
able in a particular case, even when this standard is, in itself, 
not the highest. 

51. Much is gained, however, whenever incombustible material 
can be substituted for combustible, in either structure or 
finish, whether the former is capable of much or little re- 
sistance to fire; it at least can not add fuel to the flames. A 
building, capable of withstanding in itself only a moderate 
fire test, if well protected from exposure fires, may be a 
better conflagration stop than one which is, in itself, a very 
excellent and resistant furnace,—in which its contents may 
be burned without much damage to the furnace,—unless the 
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latter is also so designed and protected that its contents are 
not likely to be ignited; the combustion of the contents with- 
out serious damage to the structure is not the real object in 
view,—although the assumption that it is, has been, uncon- 
sciously, the basis of many attempts at the design of fire- 
resistive buildings. 

52. When every building is incombustible in itself, fire-resisting 
to a reasonable degree, well protected against exposure fires, 
and provided with the means of a good active defense, the 
highest standard of fire-resistive construction will rarely be 
necessary. 

53. In the meantime, it should be required in all cases where 
great values are involved in conjunction with inherent in- 
flammability and exposure to conflagration,—and especially 
where the presence of many people is of daily occurrence. 

54. A more moderate standard should be required for such 
buildings as hotels, apartment houses, and office buildings,— 
but it should not be lowered too much as compared with the 
best. 

55. A third standard, based primarily on incombustibility com- 
bined with some protection against exposure, and with such 
means of prevention as sprinklers, etc., should be encouraged 
in every possible way, in cases where the only possible choice 
lies between a combustible building and the cheapest possible 
type of incombustible construction. Probably this policy, 
successfully applied, will do more to prevent conflagrations 
and diminish fire losses than any other available at this time. 
With increasing scarcity and cost of lumber, and with in- 
creased skill in the use of cement and its products, the time 
seems opportune to banish both combustible and unprotected 
buildings from all areas that are either actually or potentially 
congested. The cost of combustible construction has in- 
creased, but its rate of depreciation and cost of upkeep have 
not diminished. Probably the time is here when the su- 
periority of fire-resistive construction in these respects will 
make it the more economical investment, regardless of the 
risk of fire loss and the insurance rates, matters in which 
the advantage has always been with the fire-resistive type. 


ale! 
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FIRE TESTS OF BUILDING COLUMNS 


56. The report on the notable fire tests of building columns con- 
ducted at Underwriters’ Laboratories in 1917 and 1918 by the 
Associated Factory Mutual Fire Insurance Companies, the Na- 
tional Board of Fire Underwriters, and the United States Bureau 
of Standards, warrants careful study. It is impossible to present 
the results in very brief form, but the following high points of 
the report have been extracted as of*particular moment. See table 
on page 185. 


a—106 fire tests were made under load, and in fifteen cases hose 
streams were applied to columns while at high tempera- 
ture. 

b—A large variety of columns, unprotected, partly protected, 
and effectively protected were tested up to point of fail- 
ure or for eight hours as a maximum. See Fig. 25 for 
typical constructions tested, and page 733 for stand- 
ard time-temperature curve. 

c—The useful fire-resistance period for any type of protection 
-has been placed at two thirds of the average time to 
failure of the group tested, provided no single test was of 
shorter duration than the designated period. 

d—An astonishing difference in fire-resistive value of different 
aggregates for concrete was observed. Limestone or lime- 
stone gravel gave best results, trap rock, granite, sand 
stone, or hard coal cinder, ranked next, and siliceous 
gravel was least effective. This accounts for such re- 
markable ranges as in line 7. The best figure in each 
case is for limestone aggregate. 

e—With hollow tile, a great difference in fire-resistance is se- 
cured by filling open spaces between the column and tile 
with concrete. Medium hard, semi-fire clay tile is best. 
Unfilled tile protection gives very indifferent results. 


57. Taking into account all factors, it would seem as if the 
relative grading of the column covering materials tested were in 
the following order: Concrete; brick; gypsum; tile; metal lath 
and. plaster; confirming quite definitely the general opinion of 
engineers, except that ordinarily brick has been placed ahead of 
concrete. 
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58. It must be noted that the Joliet limestone used as an aggre- 
gate for concrete is probably superior to much limestone in other 
parts of the country, and that the bricks used in the tests were 
made of surface clay containing an appreciable amount of lime. 
Bricks made of refractory clay would have given better results. 
Depending on the clay used and the degree of burning, the re- 
sistance of brickwork to fire may vary from a standard that is 
barely acceptable to the very best attainable. 


FIRE-RESISTIVE CONSTRUCTION. 


(Extracts from the National Board Building Code.) 

59. From the very complete specifications, both for steel frame 
and for reinforced concrete buildings, contained in the Building 
Code recommended by the National Board of Fire Underwriters, 
the following material has been extracted as of general interest. 


General Requirements. 


60. Space between floor arches and floor finish should be 
solidly filled with concrete. 

61. Floors should be made impervious to water, and arranged 
to drain to scuppers or interior drain pipes. This is to prevent 
accumulation of water on any floor, as well as to reduce the 
danger of leakage through floors. See Fig. 27, page 193. 

62. Shafts and public hallways should be enclosed in fire- 
resistive enclosures, and stairs and landings should be of incom- 
bustible material. 

63. The maximum of combustible material allowed in the con- 
struction of a fire-resistive building is: top or wearing floors and 
sleepers, the latter imbedded in concrete; interior doors and 
windows including frames and casings; interior finish backed 
with fire-resistive material ; wooden wainscoating over 3’ high and 
wooden ceilings are not permitted. 


64. Exposed wall openings should be protected. See Chap- 
ter 15. 


Floor and Roof Construction. 


65. The Code provides for brick, concrete, terra cotta, gypsum, 
and any other form of construction that may be developed. 

66. Where steel tie rods are used, they should be encased to a 
depth of at least 2” with fire-resistive material. 


=~. 
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Protection of Structural Members. 

67. The essential points are shown in tabulation on next page. 
Miscellaneous Provisions. 

68. Defective or damaged materials not to be used. 

69. No pipes, wires, cables, or other material shall be encased 
within or imbedded in the fire-resistive protection of structural 
members. 

70. Permanent partitions, such as those enclosing public halls 
or separating spaces occupied by different tenants, shall be at 
least 4” thick (not including plaster), of brick, terra cotta, con- 
crete, or gypsum block, or not less than 3” thick, of reinforced 
concrete or of solid metal lath and cement plaster; or of other 
approved materials. 

71. Openings in public hallway partitions shall be protected by 
approved fire doors or fire windows. Glass is not permitted in 
partitions separating tenants; and preferably there should be no 
openings in such partitions. 


Reinforced Concrete Construction. 


72. Reinforced concrete is approved for all types of buildings. 
The concrete shall consist of one part of cement to not more 
than six parts of aggregate, usually divided two parts sand and 
four parts stone or gravel to produce maximum density. For 
greater crushing strength, as for columns, one part cement to 
four and one half parts aggregate may be desirable. The con- 
crete shall be tested for crushing strength by means of test 
samples. 

73. The fine aggregate shall consist of clean sand, crushed 
stone, or gravel screenings, passing a 14” diameter screen. 

74. The course aggregate shall consist of crushed stone or 
gravel, retained on a 14” diameter screen, and passing through a 
114” diameter ring, graded in size. Pure quartz, limestone, dolo- 
mite, slate, and shale generally give poor results, as they calcine 
or spall when exposed to high heat. Traprock and conglomerates, 
consisting essentially of coarse grained sandstone, make good 
concrete. 

75. Round reinforced concrete columns are better adapted to 
resist fire than square columns. 

76. Reinforced concrete walls shall be not less than two thirds 
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the thickness required for brick walls, with 8” the minimum. 
Walls shall be reinforced with steel both horizontally and ver- 
tically. 

77. Steel reinforcements shall be free from excessive rust, 
grease, or any coating which would reduce the bond between the 
steel and the concrete. 

78. All reinforcement shall be accurately located and mechan- 
ically secure against displacement during placing of concrete.’ 

79. Good workmanship is essential. This includes the follow- 
ing: accurate measuring and thorough mixing of materials; thor- 
ough tamping; removal of all foreign materials; prevention of 
rapid drying or of freezing; substantial and careful construction 
of forms; ample time for concrete to set before removing forms. 

80. Every reinforced concrete building shall be under constant 
supervision of a reputable and competent inspector. 


Authors’ Note: The opinions set forth in par. 74 regarding 
the merit of aggregates does not agree with the results of the 
Chicago column tests described in pars. 56 to 58. Also the 
mature judgment of Col. Sewell varies somewhat from both 
sets of opinions. As regards the fundamentals of good con- 
struction all authorities agree. 


CHAPTER 12 
MILL CONSTRUCTION 


(Also known as Slow Burning Construction) 


1. Mill construction originated in New England, and was 
developed to meet the needs of the textile industry. Decades 
ago -it was used almost exclusively in this industry; later it 
was adopted in scores of other types of manufacturing 
plants. Until the last decade and a half, during which fire 
resistive construction has rapidly been developed, practically 
all of the finest industrial plants were of mill construction. 


ADVANTAGES OF MILL CONSTRUCTION. 


2. The fundamental advantages of slow-burning or mill 
construction over quick-burning or joisted construction are 
as follows: 


a—Tight floors 4” or thicker, free from unprotected ver- 
tical openings, and difficult for fire to burn through. 

b—Heavy posts and girders with smooth surfaces and few 
corners, making difficult their ignition and giving 
ability to resist fire for a considerable time. 

c—Freedom from concealed spaces. 

d—Smooth underside of floors, together with judgment ex- 
ercised in the spacing of girders, making for econom- 
ical sprinkler installation. 

e—Good carrying power of floors. 

f—Ability readily to fasten machinery in place and to at- 
tach line and countershafting, and to move it as 
required, 

g—Ability to get very considerable waterproofing of floors 
through use of waterproof paper, properly flashed, 
and placed between the plank under floor and the 
tongued and grooved finish floor; this in conjunction 
with scuppers carried through outside walls. 

3. Until more recent years, during which the cost of timber 
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has materially increased, the cost of mill constructed build- 
ings was appreciably less than that of fire resistive ones. 
Under present conditions there is generally little to choose 
between these two types of construction so far as cost is 
concerned, and consequently fire resistive buildings are com- 
monly being erected even in the industries where mill build- 
ings have long reigned supreme. 


DISADVANTAGES OF MILL CONSTRUCTION. 


4, Leaving out of question the relative costs, the disad- 
vantages of mill construction as against fire resistive con- 
struction are primarily as follows: 


a—While recognizing the fine record of mill construction 
buildings under- sprinkler protection, it is from a 
fire standpoint fundamentally desirable to avoid, if 
possible, any form of combustible construction. 

b—Modern operations frequently make advisable wider col- 
umn spacing than is possible with mill construction, 
especially where floor loads are heavy. 

c—More vibration is likely to be incurred in a building 
having timber floors rather than concrete ones. 

d—Dry rot occasionally takes place in posts, girders, or 
floor planks of slow-burning buildings, especially 
where the laminated type of floor is used. See be- 
low. The dry rot danger has increased with the 
shortage of long leaf pine and the use of other woods 
in its place. 

e—Mill construction buildings are seldom erected over four 
stories in height. The highest group of such build- 
ings in the country probably is the older nine-story- 
and-basement one of Sears, Roebuck & Company in 
Chicago. There the columns in several of the lower 
floors are of metal on account of the great weight 
that has to be carried. 


DETAILS OF CONSTRUCTION. 
5. Figs. 26 and 27 show certain features of construction, 


both approved and unapproved. 
6. True mill “ROS with rows of columns up to 20 
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ft. on centers, with girders running the length of the building, 
and with floor planks spanning the girders (spans ordinarily 
8 ft. to 10 ft.), is the simplest and best form. 

7. Compromise mill construction has been devised to se- 
cure greater column spacing, and is made possible by the 
introduction of purlins, resting on girders, and in turn carry- 
ing the floor planks. 

8. Laminated floors, where planks on edge, up to 10 or I2 
inches wide, are used, make wide spans and heavy floor loads 
‘possible. Danger of dry rot is greater with such construction 
than with planks laid flat. 

9. Steel frames carrying plank floors, or steel columns 
carrying wooden girders and floors, are occasionally found. 
Unless the steel columns are protected against fire, such con- 
struction is exceedingly susceptible to collapse, assuming no 
sprinklers or a sprinkler failure. A notable instance was the 
Atlantic Building in Chicago,-burned out by exceedingly se- 
vere exposure in what is commonly called the Burlington 
Building Fire, of March 15, 1922. Construction. was brick, 
steel posts and’ girders unprotected, and plank floors. In 
spite of wired glass windows and automatic sprinklers, fire 
swept into the structure on virtually all stories simultane- 
ously, and building is reported to have collapsed within 
about twenty minutes, 

10. Double stick girders with an air space between are ob- 
jectionable because fire can get into the space and be impos- 
sible to reach with sprinklers and difficult to reach with hose 
streams. Fig. 28 illustrates the effect of fire on this form of 
construction. Where the loads require two or more timbers 
they should be bolted or spiked together. 

11. Ordinary steel or wrought iron stirrups have less fire- 
resisting power than construction in which the girders or 
purlins rest on other timbers, chiefly because such stirrups 
readily soften under heat, and also because of defective de- 
sign and workmanship. To use Underwriters’ Laboratories’ 
approved malleable iron joist and wall hangers, however, is 
good practice, and economical in securing maximum clear 
story heights for a given building height. Approved malleable 
iron and steel post caps are superior to cast iron, and are 


Mill Construction 195 


being used generally today in mill buildings. Furnace tests 
of reinforced concrete post caps have shown them to possess 
excellent fire resistance and load carrying capacity. 

12. Some of the above listed substandard construction fea- 
tures, together with other deviations from standard practice 


Fic. 28. Errect or Fire on Dousie STICK BEAM WITH Air SPACE. 


have been responsible for failures in fires of buildings which 
improperly have been termed mill construction. A building 
that does not conform in all essentials to the construction 
features listed below is not a mill building in the correct 
sense of the word. 


MILL CONSTRUCTION SPECIFICATIONS. 
(Extracts from National Board Rules and National Board 
Building Code.) 
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Outside Bearing Walls. 


13. Brick, laid up with Portland cement mortar, or rein- 
forced concrete. For ordinary story heights not less than 
12” thick for the upper two stories of a building not over five 
stories high, not less than 12” thick for the upper story in a 
building over five stories high, and thickness to increase 4” 
for each two stories or fraction thereof. 

14, 12” walls over 60 ft. in length and 16” walls over too ft. 
in length shall be 4” thicker throughout unless properly 
braced by cross walls, pilasters, or buttresses. 

15. The thickness of non-bearing walls may be 4” less than 
of bearing walls, except that thickness shall be not less than 
12” except in case of reinforced concrete construction. 


Protection Against Exposure. 


16. Where there is external exposure, outside walls should 
be parapetted at least 3 it. 

17. Openings in outside walls shall have smallest practical 
area and be protected against exposure. See Chapter 15. 

18. All windows and other openings in side walls of build- 
ings, for a distance of at least 10 ft. each side of a fire wall, 
shall be protected with approved fire windows, shutters, or 
doors. 

19, Where main cut off sections adjoin so as to form an 
angle, all windows or other openings in the side walls, for 
a distance not less than 30 ft. from the angle, shall be pro- 
tected in an approved manner. Where there are no openings 
in one wall, the other need not be protected. Where minor 
sections, such as boiler or engine houses adjoin, the above 
rule need apply to main sections of building only. 


Fire Walls. 


20. Brick, laid in Portland cement motar, or reinforced 
concrete. Non-bearing walls shall be not less than 16” thick 
in upper four stories or upper 50 ft., increasing 4” for each 
two stories or fraction thereof below. No such two story 
increment shall exceed 30 ft. in height. 

21. Parapets to be not less than 12” thick if of brick or 
8” if of reinforced concrete, cut off projecting cornices 
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or overhanging roof, extend above roof at least 3 ft. and be 
coped with durable material. See Fig. 23, page 159. 
22. No timbers let in from opposite sides of wall to have 
less than 8” of solid masonry separation. 
23. All openings in walls to be protected with approved fire 
doors on each side of wall. 


Heights and Areas. 


24. Average height above ground level not to exceed 5 
stories or 65 ft. if unsprinklered, or 6 stories or 75 ft. if 
sprinklered. 

25. Areas are limited as follows: 


Fronting on Without Sprinklers With Sprinklers 
I street 6,500 sq. ft. 13,000 sq. ft. 
2 streets 8,000 sq. ft. 16,000 sq. ft. 
3 streets 10,000 sq. ft. 20,000 sq. ft. 


Note: Area of floors in buildings three stories or less in 
height, sprinklered and with non-hazardous occupancy, may 
be increased. 


Floor Timbers and Posts. 
26. Planking to be not less than 3” (2-3/4” dressed) splined 


or tongued and grooved, covered with 1” (7/8”: dressed) 


flooring laid cross-wise or diagonally. Two layers of floor- 
ing gives better conditions. Two thicknesses of water- 
proofed paper or saturated felt, flashed at least 3” at posts 
and walls, are recommended for waterproofing. 

27. Floor timbers shall be not less than 6” and posts not 
less than 8” in either dimension. Timbers shall be self-releas- 
ing and at walls rest on wall plates, or in wall boxes. 

28. The rules contain specific provisions for allowing for 
expansion of floors in event of being wet, and provide in 
detail for kinds of wood used and its condition and preserva- 
tion. 


Roof. 

29. Planking to be not less than 2%” (21%4” dressed) splined 
or tongued and grooved, covered with Class A roofing. See 
Chapter 14. j 
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30. Roof timbers to be single stick, self-releasing, and not 
less than 6” in either dimension. 


Vertical Openings. 

31. Vertical openings to be as few in number as possible, 
and to be enclosed in brick or reinforced concrete shafts, 
with generally minimum thickness of 12” and 8” respectively, 
to be parapetted 3 ft. above roof if extending to that point, 
and to have openings protected with fire doors. 

32. In buildings not more than 3 stories in height and 
sprinklered the enclosure of stairways may consist of steel 
or wooden stud filled with incombustible material like plaster 
blocks, or terra cotta, and covered with 34” thick Portland 
cement plaster on heavy metal lath, and shall not be less than 
5%” over all. See also Chapters 13 and 15. 


Scuppers. 


33. Scuppers are most efficient under the following condi- 
tions: 


a—When floors are water-tight. 

b—When stair and elevator door sills are raised, except 
there be good drainage from the bottom of the shafts. 

c—When pipes passing through floors either fit tightly or 
run through sleeves which fit tightly and project up- 
wards about 3 ins. 

d—When floors are sloped approximately I in. in 20 ft. 
towards scuppers, and they are designed not to have 
the outlet obstructed by storage. 

e—When goods subject to water damage are skidded at 
least 6 ins. above the floor. 


34. A well known type of exterior wall scupper is shown 
in Fig. 27, as well as an interior scupper. The outside wall 
scupper is made with a weather-tight flapper at the outer end 
and protective bars at the inside wall line to keep the scupper 
from being clogged. 

35. Scuppers shall be designed to give a discharge of 100 
gallons per minute for 3” head of water, and scuppers shall 
be sufficient in number to give a capacity of 100 gallons per 
minute for each 500 sq. ft. of floor area. 
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CHAPTER 13 


STRUCTURAL IMPROVEMENTS FOR EXISTING 
BUILDINGS 


1 Much can be done in a large percentage of existing 
buildings to reduce the rapidity and extent of fire spread, the 
amount of combustible construction and finish, and the sus- 
ceptibility to exposure fires and thereby put forward life and 
property safety The essential structural improvements 
which can be made in existing buildings are included in the 
following: 


a—Vertical Openings, such as elevator shafts, stair shafts, 
belt holes, pipe holes or shafts, dumb waiter shafts, 
floor wells, light wells, and skylights should be closed 
up or protected. ; 

b—Concealed Spaces formed by sheathing on walls, ceil- 
ings, and partitions should be eliminated, and hori- 
zontal or vertical flues created by sheathing which 
cannot be removed should be stopped off. 

c—Combustible Construction should be reduced to a mini- 
mum, as by the removal of combustible finish, parti- 
tions, shelves, and cupboards. 

d—Wooden Cornices, overhanging wooden roofs, not vitally 
necessary combustible roof structures, adjoining 
sheds, and wooden connecting bridges or passage- 

ways should be removed. 

e—Whitewash or cold water paint should be used liberally 
to encourage cleanliness and mildly to retard fire. 

f—Skylights should preferably be wired glass in metal 
frames (except over fire-resistive stair or elevator 
shafts, where thin glass is required), or if thin glass 
is used should have screen protection above and be- 
low. the one for protection against brands, and the 
other against broken glass falling on persons below. 

g—Broken Windows, open scuttles, unscreened slatted 
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ventilators, or other unprotected openings may admit 
brands or sparks, and should be repaired, kept closed, 
or screened as the conditions warrant. 


2. For discussion of improvements in or provision of: 
Fire Walls—see Chapter 10 and 12. 

Fire Doors and Wired Glass Windows—see Chapter 15. 
Roofing—see Chapter 14. 

3. It is most desirable that every building, and especially 
older combustible, unsprinklered ones, be critically examined 
with a view to achieving results of the kind outlined above, 
and that definite policies be established not to introduce 
combustible construction, unprotected floor holes, or other 
defects in the future. One important plant, by adopting the 
policy of never putting in any more combustible construction 
and of occasionally tearing out some wooden portions, grad- 
ually and without serious expenditure in any one year trans- 
formed itself from an average plant from a fire protection 
standpoint into a very good one. A definite policy is neces- 
sary to head off the likelihood that, because wood is cheap, 
easy to work, and always at hand, considerable combustible 
material will be added rather than removed. 

4. In the following sections, some of the previously men- — 
tioned phases of the problem are treated in greater detail: 


VERTICAL OPENINGS. 


5. The unenclosed vertical opening is a serious menace in 
the majority of existing buildings. Unfortunately, it is not 
properly safeguarded in many structures being erected today, 

6. Some of America’s greatest disasters in factories, 
hotels, clubs, and lodging houses have been directly attribut- 
able to the unprotected vertical opening, and in fires in which 
one or more persons lose their lives, the rapid upward 
spread of fire and smoke through unprotected vertical open- 
ings is generally the chief reason for inability to escape or 
to be rescued. 

7. The potential hazard in such buildings as department 
stores, where open elevators and stairs and occasionally open 
light wells exist, is unquestionably great. The smoke from a 
fire which sprinklers are controlling might spread panic 
through such a structure. 
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8. It is not an exaggeration to say that one of the chief 
causes of our conflagrations is the unprotected vertical open- 
ing, for in buildings poorly constructed, filled with combust- 
ible material, and connected floor by floor, a number of our 
conflragrations have had their beginning. Baltimore is a well 
known example. 

9. The effect of the unprotectea opening is two-fold: first, 
‘the existing draft intensifies the fire in the story where it has 
broken out; and, second, fire and smoke rapidly spread up- 
wards. No fire department, no matter how efficient, can be 
expected to prevent a serious loss in our ordinary mercantile 
building if fire once has a start. 

10. In the chapters in this book devoted to structural fea- 
tures a number of references will be found to proper forms 
of construction to overcome the hazard of the unprotected 
vertical opening. Summarized, the essential features include: 


SHAFTS. 


In General. 


11. To be of brick, concrete, terra cotta, gypsum blocks, 
plaster on expanded metal, or plank or double match boards, 
depending upon the structural conditions. City building re- 
quirements or factory safety standards will frequently decide 
the type of enclosure to be used. Generally speaking, it is 
only necessary that the vertical enclosure have fire-resisting 
power equal to the floors, unless the shaft is to be a safe 
place of refuge for the occupants, in which case effective fire- 
resisting enclosures are essential. 


Stair Enclosures. 


12. Three forms of stair enclosure have been used, the 
smoke-proof stair tower, the ordinary stair in a shaft, and an 
enclosure of all or a portion of each flight, so that while fire 
will probably be prevented from spreading upwards, persons 
coming down have to pass into each story to leave the build- 
ing. Fig. 149, on page 646, illustrates forms of smoke-proof 
stair shafts and Fig. 29 shows stair shafts of the other two 
types. The third method obviously is objectionable from a 
life standpoint, and would prevent a stair so protected from 
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being classed as an approved exit in a number of our more 
progressive states. 

13. In Fig. 29 attention also is called to the properly di- 
mensioned handrail on each side of stairs, to the 6” toe-board 
designed to prevent material from rolling down the ‘stairs 
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from the side, to the signs and illumination, and to the direct 
exit to the outside of the building. 
Fig. 30 illustrates a stair enclosure of metal and wired glass. 


Doors. 

14. For types of doors and for conditions under which they 
can advantageously be used, see page 224. Doors should 
have fire-resisting power at least equal to the enclosures. 


Shaft Openings Other than Doors. 

15. These should be permanently closed up in so far as 
possible. _Windows can best be stationary, and of the metal 
frame wired glass type. Shutters frequently are advisable 
for such openings. 


TRAP DOORS. 

16. Counterbalanced stair trap doors are considered a de- 
cided life menace where there are any appreciable number of 
persons in the building, in that trap doors may fall and strike 
persons, and particularly because they may be locked from 
below and bar exit altogether, as in the disastrous Diamond 
Candy Co. fire in Brooklyn in 1915. Even if a trap door is 
not locked from below, persons rushing onto it from above 
would prevent it from being opened. See Fig. 150, page 649. 

17. Elevator trap doors have been rather commonly used, 
and are operated either by the car in its rise and descent, or 
are normally held open and controlled by fusible links. Un- 
less the shaft is well enclosed and guarded with safety gates 
such trap doors are exceedingly dangerous. Also their up- 
keep is generally troublesome. A combination of better fire 
protection, greater safety, and less upkeep trouble frequently 
causes the enclosed shaft to be selected even if the cost is 
higher. See page 12. 


LIGHT WELLS. 

18. From a fire standpoint, the best and generally the 
cheapest solution is to floor over light wells. If they must 
remain, they should have fire-resisting walls and wired glass 
windows. 
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NEEDLESS OPENINGS. 


19. Holes around pipes, ducts, chutes, and other compara- 
tively small equipment can be and should be closed up 
tightly. Many a building has suffered greatly increased fire 
loss because a single apparently insignificant hole permitted 
fire to spread upwards or sideways, or because serious water 
damage resulted on floors below. 


BELTS. 


20. Belts tend to carry fire upwards with great speed be- 
cause of draft set up by them, oil and dust likely to accumu- 
late near them, and their own combustibility. Proper belt 
treatment includes: 


a—Drive belts in separate tower connected to each floor by 
shafting passing through solid walls. See Fig: 22, 
page 157. 

b—Inter-floor belt system entirely enclosed in non-com- 
bustible housing, such as metal lath and plaster. 
Even a wooden enclosure, kept clean, and especially 
if protected with sprinklers, is far better than a series 
of open holes. 

c—Pulleys and belts at ceilings driven from above, or near 
floors driven from below, housed in metal. 

d—Automatic dampers cutting off belt hole areas, and op- 
erated by fusible links. 

e—Reducing floor holes to a practical minimum, providing 
metal rollers or other metal guides to prevent belt 
cutting floor, if of wood, and providing curtain 
boards extending well below ceiling. This is par- 
ticularly effective when sprinklers are installed. 


CHUTES AND DUMB WAITERS. 


21. Treatment similar in principle to previously described 
methods of procedure is advisable for chutes, dumb waiters, 
and conveyors. Vertical sliding doors with fusible link con- 
trol are commonly used on dumb waiter openings. The fire 
which destroyed the Equitable Building in New York started 
in the basement at the foot of a wood-lined open dumb waiter 
shaft. It spread upward with tremendous speed, struck the 
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roof, mushroomed, and worked down, in part at least. Six 
lives were lost and millions of dollars worth of property de- 
stroyed because a single dumb waiter shaft was not up to a 
reasonable fire safety standard. 


CONCEALED SPACES. 


22. In so far as possible, concealed spaces should be avoided 
in new construction for factory and mercantile buildings and 
should be eliminated in existing ones. The danger lies in the 
rapid and practically uncontrollable spread of fire in un- 
stopped joist channels, behind wood furring, in wood stud 
partitions, in hollow cornices, and in other similar types of 
construction. 

23. Attics very frequently are not necessary. This is par- 
ticularly true where they are produced by sheathing under- 
neath the roof trusses and are not used for storage or any 
other purpose. 

24. These spaces are generally exceedingly dry, likely to 
accumulate refuse and dust, and it is practically impossible 
to get into them in case of fire. The removal of sheathing 
and finish, especially if it is combustible, is almost always 
advisable. If exposed joists, trusses, roof. boards, or other 
members are cleaned and then liberally whitewashed or 
painted the appearance will generally be satisfactory. While 
attractive appearance may be produced by sheathing, fire 
safety by all means should come first. 

25. Where sheathing is fastened to nailing strips, which in 
turn are secured to the underside of joists, the entire ceiling 
area may be open to rapid fire spread. Replacing with incom- 
bustible ceilings directly against the joists, or providing an 
elaborate system of stops, is the only answer to the problem 
other than removing sheathing altogether. 

26. If sheathing of wood lath and plaster must remain, 
having it tight so that fire cannot readily get into joist chan- 
nels or other concealed spaces is a step in the right direction. 
Furnace tests at Underwriters’ Laboratories have indicated 
that wood lath and two coat lime plaster will serve as a bar- 
rier to fire into stud channels (same thing undoubtedly will 
be true of joist channels) for about four minutes. A far 
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better method is to apply metal lath and plaster (three coat, 
approximately 34” thick, wood fibred or sanded gypsum) 
which Underwriters’ Laboratories tests have shown capable 
of withstanding intense fire for as much as an hour. Such 
protection can be placed over old sheathing if desired. 

27. Where joist channels or box cornices are not over 20 
to 30 ft. long, it is not necessary to break into them and 
introduce draft stops. For a length greater than 30 ft., how- 
ever, it is advisable to provide stops at intervals of about 30 
ft., and preferably to have them incombustible. 

28. Metal ceilings are inadvisable, as they readily get hot 
enough to ignite wood behind them and are difficult to tear 
off at time of fire. If backed with plaster board, metal is 
less objectionable. At the Ward’s Island Hospital fire of 
February, 1923, sheet metal ceiling that had been placed un- 
der wood lath and plaster fell from the corridor ceiling in a 
large “blanket” and was the principal cause in the loss of 
26 lives. 

29. Stud partitions should, where superimposed in two or 
more stories, be effectively stopped off at each floor line, 
including the attic level, if any. 

30. See pamphlet of the N. F. P. A. entitled “ Structural 
Defects” for excellent illustrations and various ways of in- 
troducing fire stops. 


COMBUSTIBLE CONSTRUCTION. 


31. Closely allied to the previous section of this chapter 
is the question of getting rid of the combustible construction. 

32. Expanded metal on steel or on wooden studs makes an 
excellent enclosure for a tool room or storeroom. Such an 
enclosure is entirely or practically incombustible, can be seen 
through, fire streams can be directed through it, and locking 
up power is retained. 

33. Metal storage bins, especially when additional capacity 
is needed, will often cost little, if any, more than wooden 
ones, especially when greater capacity, greater strength, and 
longer life are taken into account. 

34. Rooms no longer needed and unnecessary partitions, 
cupboards, storage shelves, benches, and similar combustible 
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material are frequently found in modern plants and can be 
removed. 

35. Combustible roof structures are a menace and often can 
be replaced by metal frame, wired glass skylights, or by a 
metal ventilator or two. One building in the San Francisco 
fire, effectively protected by shutters, was destroyed by fire 
which ignited a combustible roof structure. — 

36. Many important buildings are seriously jeopardized by 
adjoining sheds and by small frame connecting buildings or 
bridges erected between two important structures. These 
creep in almost unnoticed as plants grow, and are often a 
serious menace. Reconstruction or definite fire cut-offs are 
the remedy. 

37. For especially hazardous sections such japan and var- 
nish rooms and others where volatiles, paints, or other highly 
inflammable materials are used, fire-resistive construction or 
the provision of effective fire-resisting coverings for wood- 
work are often good policy. Wood covered with two layers 
of 1%” air cell asbestos board, staggered, nailed on firmly with 
tin caps under the nails, or covered with metal lath and plas- 
ter is acceptable construction. 


CORNICES. 

38. With a combustible cornice, the first consideration 
should always be whether or not it can be entirely removed, 
or if necessary for architectural purposes, replaced with in- 
combustible material. Other possibilities are: 


a—Covering it with metal, preferably over asbestos paper 
Y%” or thicker. 

b—Cutting it off, particularly at fire walls, by corbelling 
out brickwork at least 8” thick or equivalent means. 
See Fig. 23, page 159. 

c—Stopping it off every 30 ft. by means of incombustible 
materials. 


OVERHANGING ROOFS. 


39. Overhanging roofs sériously exposed are a decided 
danger. The best procedure, if feasible, is parapetting the 
wall and securing drainage inside of the building walls. An 
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alternative is to cut roof off flush with the wall and to provide 
a metal gutter. 


WOOD SUBSTITUTES AND TREATED WOODS. 


40. There are certain non-combustible compounds, chiefly 
asbestos and cement, which are occasionally used as substi- 
tutes for wood. These materials can be worked with tools 
and from their nature are, of course, superior to wood from 
a fire standpoint. They are not, however, commonly used or 
generally considered to be commercially practical. 

41. Many attempts to treat wood to make it capable of 
successfully resisting fire have been made, and a few of such 
treated woods marketed, especially in New York City. The 
United States Government is reported to have used them in 
the navy. Many factors are important in judging the value 
of such a product, and it may be generally stated that a false 
sense of security would exist if most types were used. With 
the rapid development of non-combustible finishes, through 
the use of metal lath and plaster, and through the use of 
metal windows and metal door frames and doors the need of 
treated wood has gradually fallen away. 

42. The Forest Products Laboratory of Wisconsin made a 
most comprehensive series of tests on the inflammability of 
untreated wood and of wood treated with different fire-retard- 
ing compounds. The N. F. P. A. published these tests in 
1915. The report is exceedingly interesting and conclusive. 
Many forms of impregnating solutions were tried and nine 
different soft woods tested, in block, siding, and shingle form. 
Among the general conclusions reached were: 


a—Ammonium salts and sodium borate gave best results. 

b—If shingles are impregnated (except with insoluble metal- 
lic borates) they must be painted to keep chemicals 
from leaching out. 

c—Various fire-retardant paints tested gave some protec- 
tion. Zine borate was best for outside paint. 

d—Staining shingles does not greatly increase their inflam- 
mability. 

e—Interior use paints generally have better retarding abil- 
ity than those for outside use. 


Pe 
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FIRE-RETARDANT PAINTS. 


43. It is an absolute misnomer to refer to fire-retardant 
paints as fire-resistive. At best they have ability to retard 
the spread of fire to a limited extent only. See paragraph 
42, above. 

44. For many years wood will be an important factor in 
building construction, and as wood surfaces aid in the quick 
spread of fire, the problem of making these surfaces fire- 
retarding to the extent that fire must penetrate the surface 
before finding a combustible on which to feed, needs careful 
study. ' 

45. A paint or similar coating which can be applied with a 
brush is so much cheaper than a coat of metal or plaster or 
than other non-inflammable materials that it can be freely 
used where other methods are generally too expensive. 
While therefore it should be fully understood that these sur- 
face coatings are merely fire-retardants, and do not in any 
sense make woodwork fire-resistive, they should be given 
consideration in that they render inflammable surface less sus- 
ceptible to the spread of fire. 

46. Furthermore, this class of paints is far preferable to 
varnish, shellac, or oil, and should be encouraged to the ex-~ 
clusion of such inflammable coatings. Ordinary whitewash 
is a good fire-retardant when first applied, but as with most 
fire-retardant paints it tends to flake off with age, and fre- 
quent renewals are necessary. Its cheapness is in its favor. 

47. What is known as Government whitewash is a more 
complex coating, but when properly applied gives excellent 
results, and is the equal, if not the superior, of many of the 
so-called “ fire-resistive” paints. It is made and applied as 


follows: 


Slake one half bushel of unslaked lime with boiling water, keeping it 
covered during the process; strain it and add a peck of salt dissolved in 
warm water; three pounds ot ground rice, put in boiling water and boil 
to a thin paste; one half pound powdered Spanish whiting and a pound of 
clear glue dissolved in hot water; mix these well together and let the mix- 
ture stand for several days. Keep the wash thus prepared in a kettle or 
portable furnace, and when usea put it on as hot as possible with painter’s 


or whitewash brushes. 

48. A simpler whitewash which, when properly made and 
put on, gives a white that does not easily wash or rub off is 
as follows: : 
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To ten parts of best specially slaked lime add one part of best hydraulic 
cement; mix well with salt water and apply quite thin. 


49, Fire-retardant paints are generally cold water paints 
and compounded on various “secret” formulas. They con- 
sist chiefly of a fire-retardant chemical with a binder, such 
as glue or casein. This latter material which is obtained 
from curdled milk is used in a number of the better known 
fire-retardants, and apparently is effective in increasing the 
life of the coating. 

50. An effective out-door paint developed * by the Forest 
Products Laboratories of the United States Forest Service 
consists of linseed oil, zinc borate, and chrome green. This 
paint has retained its fire resisting properties through more 
than three years of exposure to the weather. 


ow 


CHAPTER 14 
ROOFS AND ROOF COVERINGS 


INCOMBUSTIBLE ROOF CONSTRUCTION. 


1. For many buildings there is»need of a light-weight, low- 
cost, non-combustible roof in distinction to an expensive fire- 
resistive roof construction, with supporting steel insulated 
against heat. For machine shops, foundries, power houses, 
and other structures which contain little that is combustible, 
a roof that in itself will not burn is frequently sufficient. 

_ 2, The use of a plank roof on such buildings, even if car- 
ried on steel trusses and purlins and covered on the weather 
side with a non-combustible roofing, is attendant with some 
hazard, unless sprinklered. If the underside of plank is ef- 
fectively protected with metal lath and plaster, the expense 
is considerable, and there is some possibility of dry rot. 

3. The following forms of non-combustible (not fire-re- 
sistive) roof construction are more or less commonly used 
and are all carried on unprotected steel. 


a—cConcrete slabs on steel, and covered with felt, pitch, and 
tar or gravel, or with slate, or tile. 

b—Terra cotta tile or gypsum monolythic or slab construc- 
tion, similarly covered. 

c—Asbestos protected corrugated iron. 

d—Galvanized corrugated iron. 

e—Ordinary tile or slate resting on and attachéd to steel 
purlins and trusses. 

f—Reinforced Portland cement tiles of fairly large area, 
laid on steel. These require no covering, as surfaces 
are finished to withstand the weather. 

g—Corrugated zinc. 

h—Corrugated wired glass. 


4, Of these “a” and “b” are unquestionably best from an 
operating standpoint, require little attention, and tend to 
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avoid condensation. Gypsum slabs are the lightest and have 
the highest insulating efficiency. 


c—Corrugated iron protected with asbestos and covered 
with a waterproof outer layer, all tied together with 
a strong binder, has had wide use, especially where 
corrosive conditions exist. 

d—Galvanized corrugated iron is popular, especially in steel 
mills and similar plants. It must be securely fast- 
ened, and painted at intervals or replaced as corroded. 

e—Ordinary tile or slate directly on steel are not exten- 
sively used. Condensation is produced by differences 
in temperature inside and out, members may be lifted 
by wind or frost, fire streams may dislodge the cov- 
ering, cracking of slate is frequent, and persons can-- 
not walk on such roofs with safety. 

f—Reinforced Portland cement tiles are subject to the same 
defects set forth in “e.” Flaking off of the thin 
layer of cement on the under side has permitted 
corrosion of the reinforcing, tiles have fallen, and 
men have been killed by going through them. 

g—Corrugated zinc, a by-product of the large production 
of zinc during the war, is enjoying some vogue, as 
a roof and wall covering. It has merit as far as in- 
combustibility and freedom from certain corrosive 
influences are concerned, but it is structurally weak, 
melts at about 800° F., and must be insulated from 
a steel structure to avoid electrolytic action. Used 
as a covering for a wood deck, zinc should be more 
effective than in corrugated sheets of some span. 

h—Corrugated wired glass, with corrugations to fit those of 
standard corrugated iron, has now had sufficient field 
experience to indicate its value as an economical 
means of increasing light in certain types of build- 
ings. It is used in walls as well as roofs. 


5. Where roofs are of metal construction, or even where 
the building frame only is of metal, it is advisable to ground 
the building effectively as a protection against lightning. 

6. There have been several notable fires where the only 
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large quantity of combustible material in the building de- 
stroyed was in the form of planking in the roof. Such roofs, 
ignited by a small fire, have, in burning, heated steel trusses 
sufficiently to cause their collapse, and practically the com- 
plete destruction of buildings and contents has resulted. 
Similarly a non-combustible roof can readily suffer serious 
damage if combustible material burns below it. Where ex- 
posed steel trusses are used, combustible storage, office en- 
closures, etc., should be eliminated. 


ROOF COVERINGS. 


7. The tabulation on the next page shows the essential 
facts regarding the classification of roof coverings, as estab- 
lished by Underwriters’ Laboratories after extensive furnace 
tests. These roofings are all designed to afford adequate 
protection to a wooden roof deck in varying degrees (severe, 
moderate, and light exposure) against radiated heat, flying 
brands, and the carrying or communicating of fire by the roof- 
ing itself. Of course, a given roof covering can if desired 
also be used for a less severe exposure than the one for 
which it is approved. There are large numbers of manufac- 


turers of approved roofing spread over a wide territory, and ~ 


only labeled roofing should be installed. 

8. While the Laboratories have not rated certain other 
roof covering for wood decks, the following would seem to 
accord with the spirit of the classification. 

Class A (Severe) slate and tile. 

Class B (Moderate) metal sheets or metal shingles laid 

over asbestos paper, not less than 4%” thick. 

Class C (Light) metal sheets or shingles of copper, tin, 

and zinc laid directly on wood. 


Advisable Use. 

9. For concrete, hollow tile, or gypsum roofs, which re- 
quire a covering and which are approximately flat, a good 
quality of built-up roof is used almost universally. While a 
gravel or slag surface can be laid on fairly steep slopes if 
asphalt is used for imbedding the surfacing material, a rise 
of 3” in 12” is generally considered the advisable limit of 
steepness. 


“ 
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10. For steeper roofs, slate, tile, metal, prepared roofing, 
asbestos shingles, or asphalt shingles with slate surface are 
advisable. 


Wood Shingles. 

11. A large part of the tremendous loss by exposure, shown 
in table on page 30, has been due to the wood shingle roof. 
The Baltimore conflagration was one of the few in which 
the wooden shingle did not play a vital part. It was a factor 
in San Francisco. It was the principal factor in such. con- 
flagrations as Arverne, N. Y., Austin, Texas, Atlanta, Ga., 
Bangor, Me., Jacksonville, Fla., Nashville, Tenn. Paris, Texas, 
and Salem, Mass. 

12, Franklin H. Wentworth, Secretary of the National Fire 
Protection Association, puts the case of the wood shingle 
in the following words: 

13. “The prohibition of the wood shingle roof, which is 
now generally recognized as a conflagration breeder, is today 
almost universal within city fire limits, and from the more en- 
lightened communities it is excluded altogether. Burning 
shingles can be carried great distances by the wind or draft 
of a conflagration, and when they alight in their turn upon 
other dry shingles, they make fearful havoc. 

14. “It is not necessary to remove all wood shingles im- 
mediately. Effective city ordinances, now in force in over one 
hundred communities, require all roof construction in the fu- 
ture to be capable of effectively resisting radiated heat and 
sparks and brands, and of not propagating fire... Further- 
more, it is required that all roofs which hereafter require re- 
pairs to the extent of a substantial portion of their area 
(frequently one third) shall be replaced with a safe type of 
FOOLS: 

15. Up to the present time, the proposal so to treat wooden 
shingles that they lose their fire hazard has not worked out 
in a sufficiently satisfactory manner to warrant the general 
endorsement of “treated ” wooden shingles. 


SKYLIGHTS. 

16. The rules of the National Board of Fire Underwriters 
governing Roof Openings, Cornices, and Gutters cover in de- 
tail the following forms of construction: 
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Monitor or lantern skylights. 
Saw-toothed skylights. 
Vertical sash under raised sections of roofs. 
Ventilating skylights or skylight sash. 
Windows in roof structures. 
Dormer windows. 
Skylights on stair elevator, dumb waiter, light, air, and 
similar shafts. 
Theater stage skylights and ventilators. 
Ventilators. 
Door landings, pent houses, or bulkheads. 
Scuttles. 
Open air or light shafts. 
Cornices and gutters. 
-The gist of the rules is as follows: 


17. Glass. (a) For plane skylights or such as are inclined less than 80 
degrees to the horizontal, except as noted under (b) and (c), approved 
wired glass not less than 4-inch thick or 4-inch plate glass protected 
with approved wire screens shall be used. The panes must not be over 
18 inches wide and must not exceed 1,728 square inches in area. 

Where skylights inclined at an angle of 80 degrees or more to the 
horizontal are subject to exterior exposures approved wired glass not 
less than j-inch thick shall be used. For-such sash the unsupported 
surface of the glass shall not be more than 48 inches in either dimension 
or exceed 720 square inches in area, 

(b) For skylights over stair, dumbwaiter, air or similar shafts, glass not 
over 3/16-inch thick shall be used, not over 18 inches wide, nor more 
than 720 square inches in area, protected with approved wire screens. 

(c) For skylights over stage sections of theatres, not over }-inch glass 
shall be used, protected by suitable screens. 

Note—Substitutes for glass, such as wire cloth with a coating of 
translucent, combustible substance or similar material, are not approved. 


18. Special attention is called to the thin glass require- 
ments over fire-resistive shafts and over theater stages. It 
is desired rapidly to secure ventilation in the case of fire- 
resistive shafts, so as not to drive fire and smoke horizontally 
into the other stories. In the case of theaters, ventilation is 


vital to prevent gases being driven through the proscenium 
arch into the auditorium. 


19. Sash and Frames—To be entirely of galvanized iron or copper. 

20. Glass to be secured to. the sash by means of metal strips held 
in position by bolts or screws in such a manner as to form joints 
sufficiently elastic to allow for proper expansion and contraction, and 
to be weather-proof. 

21. Screens—To be of woven, galvanized wire, not lighter than No. 12 
gage, and with mesh not less than 3” or over 1 inch. To be firmly. sup- 
ported on iron rods or angles, placed 4 to 10 inches from plane of glass, 
and to project beyond the edges a distance equal to that above glass. 
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22. The modern tendency, both to secure fire and life safe- 
ty, is to use wired glass. Where plain glass is used, screen 
protection above is required to guard against brands, and 
below to protect persons from falling glass. 

23. Where skylights or other openings are used for venti- 
lation, the screen used should be able to keep out sparks. 
44-inch mesh is recommended. 

24. Especially protected metals. are now available for sky 
light construction to protect against corrosion, both from 
the elements and from chemical fumes. 


VENTILATORS. 


25. Discharge pipes or flues, delivering air, gas, or vapors 
by mechanical means are not covered by these rules. All 
other forms of natural draft ventilators, whether stationary 
or pivoted, are covered, including louvres and ventilating 
monitors. The essential safeguards from a fire prevention 
standpoint are: 


a—Incombustible construction of the ventilator itself. 

b—Design which will not permit sparks or brands to fall 
or drift into the building, which result may be 
achieved by baffle plates, vanes, or dampers, or by 
metal screens of not more than 3%” mesh. 

c—Where unusual corrosion conditions exist, protection 
superior to that of a good quality of galvanized iron 
can be secured by the use of a specially protected 
metal. 


CHAPTER 15 


PROTECTION OF OPENINGS IN WALLS AND 
PARTITIONS 


1. In this chapter are treated methods of protecting against 
fire openings in exterior and interior walls and in vertical 
enclosures, such as elevator and stair shafts and light wells. 


CONDITION OF WALLS 


2. Before embarking on expensive protection of openings 
in exterior or interior walls, decision must be made, first, as 
to the real need of such protection, and, secondly, assuming 
the need, as to the condition of the walls in question. A por- 
tion of the first question is whether the money required for 
protection of wall openings could not be used more effec- 
tively, as, for example, installing automatic sprinklers in a 
building only mildly exposed. That building would then be 
effectively protected against internal fire and to a consider- 
able degree also against exposure. 

3. Some of the situations found with respect to walls are 
as follows: 


EXTERIOR WALLS. 


a—Ability to close up all or a portion of wall openings 
where exposure is very severe, even occasionally if 
changes in natural illumination are necessary or arti- 
ficial illumination must be provided. 

b—Overhanging wooden roofs or cornices, which are gen- 
erally the first to ignite from an exposing fire. 

c—Combustible roof structures or roof covering which fire 
could attack. 

d—Shipping platforms, roofs over platforms, passages to 
other buildings, or other combustible construction 
which must be cut off, if protection against exposure 
is to result. 
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e—Opportunity for fire to get under buildings, especially 
if burning inflammable liquids might be involved. 


INTERIOR WALLS. 


f—Ability to get along with fewer doors in division walls. 

g—Ability to reduce division wall door openings in area. 

h—Walls fairly close together so that it is not necessary 
to make an effective fire wall out of every brick wall. 
It is better to have a first-class wall at intervals than 
several sub-standard ones. 

i—Ineffective parapet or no parapet, calling for an effective 
roof cut-off if a good fire wall is to result. Where 
not effectively cut-off at roof, single doors on each 
opening instead of double doors often are sufficient. 

j—Relation of fire sections such that even if wall openings 
are effectively protected, fire may sweep around or 
over walls or through light courts, or spread because 
of differences in roof levels, wooden additions or 
roof structures, etc. 

k—Timbers let into walls from one or both sides, so as 
either to touch or to leave weak spots for passage of 
fire. 

1—Timbers for floors or roofs not self-releasing, making 
likely a tearing down of a portion of wall or opening 
of hole through wall, should one section collapse. 

m—Weak portions of walls due to insufficient thickness, 
patching, or settlement, making local failures likely. 

n—Ventilating ducts, piping, shafting, or other eqnipment 
passing through walls and weakening their fire-re- 
sisting ability. 


PREPARATION OF WALL OPENINGS 


4, A vital weakness in supposedly protected wall openings 
is the presence of combustible material in the opening proper 
or close thereto. Particular attention is called to the follow- 
ing: 

a—Necessity of an incombustible sill for openings in ex- 

terior or interior walls, which are protected with fire 
doors. See Fig. 31. Labeled anti-slip material for 
fire door saddle represents the best practice. 
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b—Elimination of wooden lintels or door frames from such 
openings. 

c—Elimination of combustible finish from vicinity of wall 
openings. 

d—Use of noncombustible fire door guards. See Fig. 35. 

e—Elimination of wooden trim behind metal fire windows, 
where commonly used in even recently finished 
buildings. : 

f—Keeping storage racks and goods at least 3 ft. from 
windows protected against exposure. 

g—Use of steel wall frames securely fastened in openings 
for the attachment of swinging doors of various de- 
signs. 


FIRE DOORS 


5. Fire doors are used principally to protect openings in 
division walls and on shafts, although where wired glass or 
shutter protection is installed on windows, fire doors become 
necessary on exterior door openings as well. Fire doors have 
been in use for decades, and, in spite of much poor design, 
construction, and installation, have on the whole given a good 
account of themselves. Modern approved fire doors, properly 
installed and shut, have astonishing fire-resisting powers. 
The Underwriters’ Laboratories’ test requirements for doors 
designed to be used in different situations, and therefore 
presumably subject to different durations and intensities of 
fire, are more severe than are ordinarily experienced in fires, 
giving a margin of safety. See Fig. 32. 


PROPER DOOR TO SELECT. 

6. The National Board Rules on Protection of Openings 
in Walls and Partitions cover six forms of door construction 
and six situations for which protection of different degrees 
is required. Furthermore, these forms of construction are 
found used in horizontal sliding, swinging, vertical sliding, 
rolling, and counter-balanced designs. Two forms of ap- 
proved wired glass window frames are also included in the 
Rules. 

In table on the next page appear the essential facts as to 
what is approved by National Board Rules, and what the 
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| 
Column 1 2 3 4 | 5 | 6 i} 
Forms in which commonly used 
Type of Construction | Nat'l 
oP Board bo = Lg bo z 
Retard.| § “bo Zé = = 
Fire Doors AND class = A 3S ral 3 
SHUTTERS a is Os e=} = 
Sheet metals. .... .<.es A V Vv 
“ coats B y y v 
$s Ba olin ks re oi Cc V V 
CREE a ee D <i Vv 
Tin clad—3 ply.......- A Vv Vv 
Tin clad—2 ply........ B v Vv V 
Ae os Gcearosa<: Cc V V 
ss Ae Cece D V =f 
Rolling steel........... A V 
By Naot yee Bye vf 
ts Sh argal «Sisto Cc Vv 
+: PA cate D V Vv 
Steel plate... ...60 sees A V Vv 
Oe Soe Cok oa) Aisiedert cea B *y V V 
- He Boe See D Vv af 
Hollow metal.......... A Vv 
terrae B Vv 
‘4 oki 2 hae se Cc V 
MY iS ote tt, of D V v 
Metal clad....... B V 
MG Gaal aETe ns 5,696 Cc V 
Counterbalanced doors. B V 
Fire Winpows 
Hollow metal frames ... E 
ae ae ae es Fr ‘ 
Solid metal frames...... : 


Note. Wired glass panels permitted in Class C Sheet Metal, Hollow. 
Metal, and Metal Clad Doors. Wicket Doors, not over 10 sq. ft. in area, 
permitted in Sheet Metal Fire Doors under certain conditions. 


4 Protection of Openings 


In WALLs AND ParTITIONS. 


225 


8 


9 | 10 | 


11 


12 


13 


14 


Situations for which Retardants are Approved, and Recommended Practice 


Class A | Class B} Class B | Class C | Class D | Class E | Class F 
Division | Elevator mat, |c aPavere Moderate| Light 
Shafts aie a vtition Exposure |Exposure |Exposure 
AG 2 AG 2 
| AG2 
AG 1 AG 1 AN 
AG 2 
U AG 3 AG 3 
AG 3 
AG 2 AG 3 AG 3 
AG 3 
AG 2 AN 
AG 4 
AG 2 AG 2 AN 
eee] Se ara SE S| eee 
AG 3 
AN AN 
. AN AG 2 AG 2 
AG 2 
AG 3 AG1 
AG1 
———— 
AN AN AN 
U AG 4 AG4 
AG 4 U U U 
AGI 
U U U A U AG 1 
a panini li Ne a 
U U U A U U AG 1 
U U U A U AG 1 
U U U A U U AG1 


Note: A—Approved for use in situations shown. 
G—Good practice to use in situation shown. 


N—Not good or not usual practice. 
U—Unapproved or unsuitable for use. 
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authors consider advisable practice. In connection with this 
table, which will warrant very careful study, the following is 
submitted: 


a—In the right-hand half of the table, Columns 8 to 14, 
many gaps simply result from following established 
practice. For example, Line 5, 3-ply tin-clad doors. 
These are approved for fire wall duty. Of course, 
they also would pass for Classes B to F, but 2-ply 
doors will answer, and the more expensive door is 
not listed beyond Class A. Speaking generally, any 
protective covering not barred by design can be used 
for any class of protection less severe than the class 
for which it is specifically approved. 

b—The relative ratings of protective coverings for different 
situations, Columns 8 to 14, indicated by figures are 
those of the authors and not any formal decision of 
the N. F. P. A. or the Laboratories. While such a 
classification is obviously debatable, the general con- 
clusions indicated are without doubt correct. For 
example, for fire wall duty the sheet metal door is 
superior to one consisting of a single steel plate. 

c—In establishing these ratings, other factors other than 
pure fire-resisting ability have been considered. For 
example, for elevator shafts the counter-balanced 
door is placed first because of combined fire and ac- 
cident merit. As a matter of fact, such a door may 
be made of any one of several forms of construction. 

d—While the National Board Rules class protection of all 
vertical openings in the same manner, the chief divi- 
sions, namely elevators and stairs, have been given 
separate columns because the treatment is ‘quite dif- 
ferent. 

e—The term “counterbalanced ” does not apply to a roll- 
ing shutter, although such a shutter is counterbal- 
anced by springs. Vertically sliding counterbalanced 
doors and elevator doors counterbalanced on each 
other are both included in the tabulation under the 
heading of “ Counterbalanced.” 
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MAXIMUM SIZES OF RETARDANTS. 


While there is some inconsistency between the National 
Board Rules and the practice of Underwriters’ Laboratories 
as to maximum areas and dimensions of fire doors, the fol- 
lowing tabulation gives the limits that can be used in con- 
sidering which retardant to employ for a given situation: 


Maximum Dimensions in_ Feet. 


Type of Construction. Area. Width. Height. 

Fire Doors. 

Sheets Meta lets. ict rues 120 10 12 

Tin (Clady ss o<ugaul eee 120 10 12 

Rolling* Steel” Meese 80 12 12 

Stee? Blate ce. eee eee 80 8 10 

El offow Metal ee c.sermerontnee 80 8 10 

IMetatmete lad...) a sicakecereies 80 8 10 
Fire Windows. 

Severe Exposure .......... 50 5 10 

Moderate Exposure ........ 70 7 10 


7. Having determined the type of door construction to be 
employed, the question arises (except in the case of rolling 
shutters and counterbalanced doors) as to which form shall 
be used: horizontal sliding, swinging, or vertical sliding. 
Two factors here enter, first, likelihood of door being closed 
at time of fire or of closing automatically, and, second, 
whether a certain form, as swinging, is prescribed in exit 
regulations which may pertain to the opening. These factors 
are recognized in the following sections taken from the Na- 
tional Board Rules: 

a. Sliding Fire Doors—Doors of this type shall be em- 
ployed unless features relating to exit facilities, service re- 
quirements, location, or installation make other types prefer- 
able. 


Note.—Sliding fire doors can be mounted close to the wall, require 
only a small’ amount of floor space, are less likely than many other types 
to be rendered inoperative by obstructions. They can be counterbalanced 
so as to operated without great difficulty and can be made to close 
automatically without the. use of complicated apparatus. They are 
particularly suitable for large openings, but the method of operating them 
is not as obvious as that of:swinging doors, and they are more subject to 
injury from falling materials at time of fire than doors that close flush 
with the face of the wall. They can be used only where there is sufficient 
wall space at the side of the wall opening. 
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Case 1. SHEET METAL Door. 
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b. Swinging Fire Doors—Doors of this type may be em- 
ployed where the character and size of the opening make the 
use of this type of door advisable. Where egress is in one 
direction only, the doors should open in the direction of 
travel. 

Note.—Where egress is in one direction only, swinging doors are 
easier to operate than any other type of door, especially under emergency 
conditions. Swinging fire doors require considerable clear floor space, 
are more liable to be rendered inoperative by obstructions than sliding 
fire doors, and are difficult to make automatic without the use of 
complicated apparatus. Swinging doors in pairs do not furnish as 
satisfactory protection against fire as single doors. 

c. Vertical Doors—Doors of this type may be employed 
where horizontally sliding or swinging doors cannot be used, 
and where the doors do not serve as exit doors at time of 


fire. 


Note.—Vertical doors require considerable head room above the door 
Opening and must be counterweighted to render them operative. They 
can be made automatic without the use of complicated apparatus. They 
are difficult to operate, especially after they have closed automatically, 
and their use in any given case should be considered in its relation to the 
effect upon hazard to life. 

d. Rolling Steel Fire Doors—Doors of this type may be 
employed where the transmission of heat through the doors 
is not liable to result in the spread of fire, and where the doors 
do not serve as exit doors at time of fire. 

Note.—Rolling doors are capable of being installed in locations where 
space limitations prevent the installation of other types of doors. They 
can be mounted flush with the face of the wall so that no floor space 
is required, and are less likely than many other types to be rendered 
inoperative by obstructions. They can be counterbalanced so as to 
operate without great difficulty, but the method of operating them 
is not as obvious as that of other types of doors, and some types of 
rolling doors are difficult to operate after they have closed automatically. 


The type and use of these doors in any given case should be considered 
in its relation upon hazard to life. 


FIRE DOOR CONSTRUCTION DATA. 


8. The essential principles of construction of the available 
types of fire doors, together with the chief advantages and dis- 
advantages of each, are set forth in the following sections: 

1—Sheet metal. (See Fig. 33.) Undoubtedly the best fire 
door for general purposes with rapidly growing popularity. 
Design usually involves corrugated steel sheets with asbestos 
between, riveted at right angles to each other, and mounted 
on a substantial steel frame. 
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Advantages: no combustible contents; minimum upkeep 
trouble; longer life; lighter weight; reasonable cost. 

Disadvantages: not as widely manufactured as_ tinclad 
doors. 

2—Tinclad. 3-ply. (See Fig. 33.) The standard fire door 
to date. Its popularity probably will wane and doors free 
from combustible fillers gradually take its place. 

Advantages: widely manufactured; manufacture requires 
no expensive mechanical equipment; moderate cost. 

Disadvantages: dry rot, mechanical injury; other upkeep 
difficulties. 

3—Tinclad. 2-ply. The standard shutter to date. Also 
used for fire door purposes, frequently where 3-ply door 
should have been employed. 

Advantages and disadvantages same as for 3-ply doors. 

4—Rolling Steel. Interlocking slats or corrugated sheets 
(latter suitable for exterior wall openings only) running in 
guides and counterbalanced by springs. See page 245. 

Advantages: no floor space and minimum wall space re- 
quired; can be placed in door openings to protect against 
falling walls. 

Disadvantages: high radiation; not suitable for egress; up- 
keep not as simple as other types of doors; higher cost. 

5—Steel Plate. (See Fig. 33.) Plate doors not over +)” 
thick on angle iron frames, used chiefly in Chicago territory. 

Advantages: corrosion protection easy; moderate cost. 

Disadvantages: high radiation; floor grooved to guide lower 
edge, troublesome; automatic action frequently complicated. 

6—Hollow Metal. (See Fig. 33.) Sheet steel with hollow 
or partly hollow stiles and with asbestos filled panels. 

Advantages: best fire-resisting power of any swinging door; 
neat appearance. 

Disadvantages: not readily made automatic; higher cost. 

7—Metalclad. (See Fig. 33.) Thin gage metal over wood- 
en door, 

Advantages: neat appearance; relatively low cost. 

Disadvantages: not readily made automatic; lowest fire- 
resisting powers. 

8—Counterbalanced Elevator. Made in two sections, coun- 
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terbalanced on each other; mounted in guides in elevator 
shaft. Tinclad, sheet metal; or steel plate construction can 
be employed. 

Advantages: no floor space required; combines most suc- 
cessfully fire and accident prevention on elevator shaft, as 
normally closed. 

Disadvantages: upkeep slightly more troublesome; higher 
cost. 2 


ESSENTIAL FIRE DOOR INSTALLATION POINTS. 


9. For permitted maximum door sizes see table on page 228. 
80 sq. ft. is generally the limit for fire wall openings. Regu- 
lar labeled doors may be secured up to 120 sq. ft. Even 
larger doors may be labeled to indicate proper materials, de- 
sign, and workmanship, but the label does not guarantee 
equal fire-resisting power with the smaller doors. For 
swinging doors, maximum sizes in every case indicate limit 
of height and width where a pair of doors is used. A single 
door generally may only be a little more than half of the 
area specified. 

10. Two doors, one on each side of the wall, are required 
for standard cut-offs, except under special conditions, as be- 
tween a boiler room and engine room in a fire-resistive power 
station where amount of fire risk is exceedingly moderate. 
This point is one on which the opinion of the Underwriters 
having jurisdiction should be asked. 

11. Two doors (commonly called double doors) are needed 
for the following reasons: 


a—Fire doors are vitally important. The separation of 
buildings is entrusted to them. Even two cannot be 
expected to equal a good brick wall in fire-resisting 
power, but experience has shown that they come 
close to it. 

b—In a severe fire, one door may be practically destroyed, 
but it partly protects the second, and that stops the 
fire. 

c—The dead air space between two tightly closed doors 
has great fire-resisting value. 

d—The possibility of fire lapping around the edges of two 
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doors in series is slight, whereas it may spread 
around a single door quite readily. 


12. No combustible sliding or swinging draft stopping 
doors should be used on fire wall openings. If draft stops 
must be provided they should be in the form of a partition 
set back safely from the fire door opening. 

13. Horizontal sliding fire doors with tracks sloping 34” 
per foot, shown in Fig. 34, are advisable where head room 
permits. The horizontal track type of door shown in Fig. 
35 should only be used when absolutely necessary. Swing- 
ing doors fitting into a rabbet in the wall are generally 
tighter than sliding doors as regards fire and smoke. The 
sliding door more readily is made automatic. 

14, Single doors are used on elevator and stair well open- 
ings, because a fire to go from one floor to the other has to 
pass through two doors, and the effect of double door pro- 
tection is secured by a single door on each floor. 


APPROVED DEVICES. 


15. Experience has proved time and again that the manu- 
facture of even the simpler forms of fire doors and shutters 
cannot safely be entrusted to general contractors, sheet metal 
workers, or carpenters, let alone the average plant mechan- 
ical force. The failure of a single device at time of fire may 
be a matter of great moment. Labeled doors and shutters 
have the needed fire-resisting abilities, relieve the owner of 
difficulties and doubts regarding his purchases, and meet the 
requirements of the fire insurance interests. 

16. Labeled devices cost very little more than those of un- 
known quality. The cost of a fire door label (including all 
inspection costs) is only 4oc. 


FIRE DOOR UPKEEP. 


17. The equipment of which so much is likely to be re- 
quired in case of fire must be properly maintained. Common 
defects include: 

a—Corroded, torn, or battered metal covering. See Fig. 


34 for sheet steel protection to guard against injury 
by trucks, 


Protection of 


b—Dry rot in tinclad doors. 
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This is detected by screws 


pulling out and edges caving in and by hammer and 
awl tests. j 
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c—Vents not provided on tinclad doors (3” to 4” hole 
through tin on exposed side—one side only). 

d—Incompléte hardware equipment and loose parts. 

e—Chafing strips and their companions, bolted together 


236 Handbook of Fire Protection 


through door, greatly add to the fire-resisting power 
of tinclad doors, and reduce cutting of tin covering. 
Strips are commonly omitted. 

f—Jamming and sticking of doors. 

g—Automatic operating mechanism not in commission. 

h—Doors blocked by temporary or permanent storage. 
See Fig. 35 for fire door guard. Metal construction 
for guard is, of course, superior to wood. 

i—Binders filled with blocking to make opening of doors 


easier, 

j—Not closed nights, Sundays, and when openings are not 
in use. 
HARDWARE, 


18. Labeled hardware also is essential to safety. Standard 
sets of hardware, accurately cut and fitted, may be had for 
sliding or swinging doors and shutters. To avoid sliding 
doors falling from tracks, it is essential that the clearance be- 
tween the track and the top of the door be less than the depth 
of the hanger groove. An approved form of door closer for 
swinging doors is now on the market. 

19. Panic bolts, readily operated by pressing against them, 
are commonly used on swinging exterior doors through 
which large numbers of persons might pass. 


AUTOMATIC CLOSING DEVICES. 
20. National Board Rules read as follows: 


a—Where the conditions are such that the spread of fire 
through the wall openings is likely to be very rapid, 
or where the spread of fire through wall openings is 
likely seriously to endanger life, the fire doors should 
be operated by an approved automatic quick-operat- 
ing door closing device or system. 

b—Where the conditions are such that the possibility of the 
very rapid spread of fire through the wall openings 
is small, and where the spread of fire through such 
openings is not likely seriously to endanger life, the 
fire doors may be operated by a less sensitive ap- 
proved automatic door closing system or device such 


as the fusible link type. ; 
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Note: It should be noted that the question is not so much 
that of rise of temperature as of rapidity of spread, and that in 
all situations where a very rapidly spreading fire appears likely, 
the sensitive device should be used. Such situations include 
those where there is a liability of a train of flammable material 
leading through the opening, or where highly flammable material 
is present on each side of the opening in such close proximity 
to it that fire could pass through the opening before generating 
sufficient heat to operate the less sensitive door closing device. 


21. The first requirement is met by such devices as the 
Derby and Lowe, described below, the second by fusible 
links operating at approximately f6o0 degrees, various meth- 
ods of installing which are shown in Fig. 36. The following 
is a brief description of how these various methods operate. 


Case A, 


Ceiling link supports horizontal bar over which end of 
counterweight cable is looped. Fusing of either link releases 
door. 


Case B. 


Horizontal track door, closed by dropping of heavy weight, 
normally supported on bell crank, on to smaller weight at- 
tached to door closing cable. 


Case C. 


Simplest and most commonly used counterbalance scheme. 


Case D. 

Horizontal track door, normally balanced by weights of 
equal size. 
Case E. 

Unsatisfactory arrangement, as link passes out of door 
opening when door is half closed. 
Case F. 

Latch released by fusible link. Door can be closed with- 
out disturbing automatic feature. Not very reliable and not 
always easily maintained. 


Case G. , 
Shows application of Lowe release mechanism near ceiling. 
The Derby release box application may be similar. 


Case H. 
Z Another form of latch not commonly found. 
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Fic. 36. Automatic CLosinc Devices For Fire Doors. 
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The best practice is to use: 

a—Gravity sliding rather than horizontal track doors. 

b—Case C for ordinary situations, and Cases A and G 
where flash fire hazards exist. 

c—Case D with horizontal track doors. 


22. The Derby electric release box consists of an electro- 
magnet in a metal case which, through the medium of levers, 
holds the rope or chain which controls the fire door. Pull 
is limited to 50 Ibs. It is simple in construction, strongly 
made, and should withstand hard usage. An electric circuit 
and heat actuated (automatic sprinklers and thermostats) 
or manual appliances for transmitting and controlling the 
current actuating the electro-magnet must, of course. be 
installed and maintained to provide the complete system. 

23. The Lowe device, which is placed at the ceiling above 
the door, operates on the “rate of rise” principle, by the 
expansion of air in a metal diaphragm, and is very sensitive 
to heat. There is little doubt that, assuming apparatus is in 
operation and door properly maintained, it will operate ahead 
of the time that fire and probably even smoke reach the wall 
opening. For property protection very quick closing of fire 
doors is generally an advantage, and for certain situations, 
as on vertical openings, very quick closing of doors is a real 
life safeguard. The same may not, however, be true of doors 
through which persons would escape from the building. 

24. Both the Derby and Lowe devices can be used also on 
horizontal sliding, swinging, vertical sliding, and rolling forms 
of doors, and in connection with dip tanks, blowers, damp- 
ers, engine stops, motor stops, quick opening valves, auto- 
matic skylights, theatre curtains, water curtains, and for 
similar purposes. 

25. Upkeep points for self-closing equipment for fire doors 
include: 


a—More readily attached to sliding than to swinging doors. 

b—Not advisable on shutters exposed to the weather. 

c—Where doors require closing weights, these should run 
in pipes or boxes to protect against material block- 
ing their descent. Such protection is also occasion- 
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ally advisable on gravity sliding door weights. 
Weights pulling doors shut should be attached with 
wire cables or chain which cannot readily burn off. 
See Fig. 35. 

d—Links on brackets projecting into door openings at 
height greater than man’s head are superior to links 
on ropes that move out of the opening when doors 
are partly closed. 


EXTERIOR WALL OPENINGS 


. 26. Door openings in exterior walls offer no problems dif- 
ferent from openings in interior walls, except protection 
against the weather. Windows, on the other hand, need spe- 
cial treatment, and this section is devoted to the need of, 
and the method of, protecting window openings, 

27. Unprotected window openings are a constant menace 
in our cities, and also frequently in individual plants where 
mutual exposure exists between buildings. Windows need 
protection, not only against fire in other buildings, but also 
to prevent fire spreading from story to story through the 
medium of wooden window frames. To build a modern fire- 
resistive building, fill it full of valuable material, and leave 
its windows unprotected, where there is an appreciable ex- 
posure, is very much like building a massive safety deposit 
vault, placing large values therein, and failing to provide a 
door. The development later of exposure and the difficulty 
of providing window protection at that time must also be 
considered. The cost of adequate window protection over 
and above wooden frames, especially if plate glass is used in 
wooden sash, represents a very small percentage of the value 
of the building and its contents. 

28. The careful calculation of losses sustained in fire-resis- 
tive buildings in Baltimore showed 100% loss of contents in 
practically every case, and an average of about 70% in build- 
ing damage. Approximately the same was true in San Fran- 
cisco. The burning out by exposure across an 8o-ft. street 
of the upper seven stories of the fifteen-story Burlington 
Building in Chicago, on March 15, 1922, with the loss of vital 
records, many irreplaceable, and aggregating literally mil- 
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lions of dollars in value, has once more called attention to 
the weakness of modern buildings as regards their window 
openings. 


HIGH VALUE DISTRICTS. 


29. The need of window protection is especially great in 
the congested districts of our cities, where the largest area, 
highest buildings, are located. The reasons lie chiefly in the 
following facts: ’ 


a—Here exist the chief possibilities for devastating con- 
flagrations with all of their attendant ills. 

b—Fire departments are incapable of fighting from the 
ground fires over 6 to 7 stories high. There is 
literally in some of our larger cities a likelihood of 
a conflagration sweeping over the heads of the fire 
department. 

c—The amount of combustible trim in the average so-called 
“ fire-resistive ” office building is astonishingly large; 
5 lbs. per sq. ft. of area being perhaps an average. 

d—The fuel in furniture, books and papers, rugs, etc. prob- 
ably averages another Io lbs. per sq. ft. The heat 
value in 15 lbs. of wood and paper is about the 
equivalent of about two thirds of a gallon of fuel 
oil. 

e—This fuel is spread throughout the entire structure and 
generally stairs and elevators are open flues. 

f—The values of contents are very great, and the records, 
which often represent greater values than the build- 
ing and equipment, are almost always uninsured. 


30. Other corrective measures are necessary beside pro- 
fection against exposure, but from a conflagration standpoint 
that is the most important. 

31. The modern tendency with office buildings, as well as 
with factories, to use metal sash, even with plate or thin 
glass, is a step in the right direction, because fires frequently 
communicate to the interior by the burning of the wooden 
window frames. 

32. The table on page 225 covers three classes of exposure, 
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namely, severe, moderate, and light, and it indicates the kinds 
of protective coverings approved and recommended for these 
situations. For protection there are available: 


a—Swinging shutters of sheet metal, steel plate, and wood 
covered with metal. 

b—Rolling shutters. 

c—Wired glass windows in hollow and solid sash designs. 


33. The relative ratings given the protective coverings by 
the authors are without regard to feasibility under certain 
conditions. For example, for severe exposure a sheet metal 
shutter alone is deemed preferable, but it is seldom feasible 
to protect by shutters an attractive office building. The fol- 
lowing represents possibilities of achieving needed degrees 
of protection for window openings: 


For Severe Exposure. 


a—Metal frame wired glass windows combined with rolling, 
steel plate, or tinclad shutters. 

b—Metal sash combined with rolling, steel plate, or tin- 
clad shutters. 

c—Wooden window frames protected with sheet metal 
shutters closing into rabbets in wall. 


For Moderate Exposure. 
d—Metal frame wired glass windows, Class E, with 720 sq. 
inches maximum size for glass. 
e—Wooden window frames protected with sheet metal, 
rolling, steel plate, or tinclad shutters. 


For Light Exposure. 


f—Metal frame wired glass windows, Class F, with lights up 
to 54” in both dimensions. 


DETAILS REGARDING WIRED GLASS. 


34. Wired glass in metal frames has made an excellent 
record for itself, so good in the cases of apparently severe 
exposure, and in a few instances in conflagrations, that there 
is much sentiment in favor of using it for protection for wall 
openings under all conditions. 

35. While it may frequently be decided to use it alone, 
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where the exposure is severe, trusting to good building con- 
struction, sprinkler protection, inside hose, slightly combust- 
ible contents, and other mitigating factors, it must be recog- 
nized that when such a window is really subject to serious 
fire assault, from without or within, it is more than likely to 
fail. Not infrequently in buildings in which internal fires 
have raged, the drafts have been such that doors or windows 
in the structure itself, or in exposed ones, have apparently 
been bathed in flame, but in reality very slightly exposed. 

36. Approval has been extended to several makes of wired 
glass and to scores of factories making hollow metal sash in 
stationary, double hung, single and double pivoted, casement, 
and other forms. More recently, equal approval has also 
been granted to several makes of solid sash, the fundamental 
difference between approved sash and ordinary factory sash 
being that each pane of wired glass is held by continuous 
fillet angles on all four sides. Clips and putty ordinarily 
used will not withstand a severe fire test. 

37. Not only is it advisable to purchase only labeled sash 
and approved glass, but it is vitally necessary, if glazing is 
done at the building where the windows are to be installed, 
as is usual, to see that this glazing is properly done. ‘<A few 
cases have been found where 1%” wired glass, designed to be 
used where ordinary glass would be likely to be broken and 
unsuitable for fire-protection purposes, was used in fire win- 
dows. 

38. When fire occurs inside of a building, the heat may be 
sufficient to melt the glass on the floor on which the fire has 
broken out, but the likelihood is that the wired glass on the 
floor above will not fail, and that because of this fire will be 
prevented from spreading upward by means of exterior wall 
openings. 

39. Inflammable contents naturally should not be placed 
close to windows where there is danger of exposure, a mini- 
mum distance of 3 ft. being the usual practice. 

40. Wired glass is also of much value in the protection of 
floor openings, as for door and partition work where light is 
essential. Wired glass is commonly used in heavy metal 
frames around stairways in hotels, department stores, and in 
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many other types of buildings, and while such protection 
cannot be considered the equivalent of a standard partition, 
it nevertheless has great value in places where better protec- 
tion is not feasible. See Fig. 30, page 204. 

41. Wired glass is commonly being required as protection 
to persons on fire escapes, where such escapes pass window 
openings. 

42. Wired glass comes in a variety of forms, polished plate, 
rough, figured, ribbed, and in special prism designs to im- 
prove lighting away from window openings and to reduce 
glare. 

43. A recent development in the manufacture of wired glass 
is that of producing corrugated sheets of the standard one 
fourth inch thickness and with corrugations designed to fit 
the standard sizes of corrugations of iron and asbestos. 
This permits the inserts of sheets of wired glass in roofs or 
walls with minimum installation expense. 

‘44 Another recent development in the manufacture of 
glass, both with and without wire, is “Actinic ” glass. It is 
of a slightly amber tint and, according to government tests, 
has the properties of intercepting a large percentage of the 
heat (infra-red) rays and of the glare (ultra-violet) rays of 
the sun, thus reducing eye strain and also to a minimum the 
fading of colors. 

45. Wired glass can also be secured with especially grooved 
or corrugated surface designed to hold water of condensa- 
tion, and to carry it off to the lower edge of sheet where the 


condensation can de disposed of and objectionable dripping 
avoided. 


WIRED GLASS VS. TINCLAD SHUTTERS. 


46. It is natural to compare wired glass windows with 
standard tinclad shutters as protection against exposure fires, 
and the fire records would tend to prove that the many ad- 
vantages of the former far offset the disadvantages. While 
it is true that glass will melt at temperatures known to oc- 
cur in ordinary fire (glass softens at about 1500° F. when 
subject to heat from one side), and while it is also true that 
wired glass radiates heat to such an extent that combustible 
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material may be ignited on the side away from the fire, never- 
theless both these features have been shown to be of rela- 
tively little importance in actual practice. To a not incon- 
siderable extent, this is due to the fact that the wired glass 
windows are an integral part of the building and are well 
maintained and normally closed, whereas fire shutters com- 
monly are installed to bring about insurance rate reductions, 
and very commonly are improperly maintained, let alone regu- 
larly closed at the end of the working day. ; 
47. An obvious advantage of wired glass windows over 
shutters is the fact that they are not unsightly and can be 
used on all exterior openings except show windows. Also, 
wired glass is transparent or translucent, and fire within may 
be seen from the outside. The rather serious objection to 
metal fire windows, namely, that it was difficult to make them 
tight, has now apparently been overcome by certain makers. 


SOLID STEEL VS. HOLLOW METAL SASH. 

48. The question of the relative merits of hollow sash vs. 
the modern solid sash factory type of windows not infre- 
quently rises, and the following can be presented as the 
advantages: 


a—Very large percentage of light area. 
b—Moderate cost. 
c—Mechanical operation possible. 


49. Among the disadvantages are: 

a—lInability to escape through windows. 

b—Difficult for fire department to enter through windows. 

c—Difficulty in cleaning. 

d—Difficulty in providing shades or awnings. 

50. Speaking generally, a building should not depend upon 
its windows for exit purposes, and, from a fire-resisting stand- 
point, either type of construction with sash approved and 
glass properly installed is satisfactory. 


ROLLING SHUTTERS. 
51. The essential facts from a fire wall standpoint regard- 
ing rolling shutters will be found on page 232. From the 
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standpoint of protection of exterior wall openings, the more 
recent developments in the use of shutters warrant special 
treatment. 

52. There is little question that for severe exposure the 
ideal treatment for buildings where appearances count is the 
combination of the automatic rolling shutter and either a 
metal frame wired glass window or metal sash, incombustible 
in itself. The same thing would be true of other buildings, 
‘but costs probably would be deemed prohibitive except per- 
haps on principal street fronts. Rolling shutter areas up to 
100 sq. ft. are approved for exterior wall opening duty. 

53. Rolling shutters on the outside face of the wall, par- 
ticularly older installations, have given up-keep troubles, 
and have had the particular objection of being incapable of 
_ test without skilled mechanics and occasionally life jeopardy. 

54. The more recently developed shutters, on the other 
hand, whether placed on the face of the building or con- 
cealed in the wall opening, can be tested from the inside of 
the building and reset from the same point. Shutters, further- 
more, have a sufficient amount of counterbalancing spring 
so that they do not close violently and so that they can be 
raised without undue effort. 

55. Rolling shutters unquestionably fit more tightly into 
their grooves than the average swinging shutter does either 
against the face of a wall or into a rabbet. 
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CHAPTER 16 


BUILDING CODES 


1. With the increasing realization of the direct bearing on 
life and property loss of poor building construction, more and 
more cities of the country have put building codes into ef- 
fect. Many have materially improved their codes in the 
light of local experiences or because of the trend of the time 
calling for better construction and more careful supervision. 

2. A building code applicable to-a whole city must, of 
necessity, permit conditions far below the very best practices, 
and the organization that wants a superior building ordinarily 
uses the building code as a foundation on which to build, 
and easily meets the legal requirements in the course of its 
planning. 

3. The most notable step in furthering the adoption of 
good building codes was the preparation in 1905 of the first 
Model Building Code by the National Board of Fire Under- 
writers. In 1920 the Fourth Edition was issued. The code 
is in form for adoption by City Councils, and contains valu- 
able illustrations and tables as well as carefully drawn rules 
covering all types of structures, forms of construction, and 
legal control. The code should be consulted by every de- 
signing and fire protection engineer. 

4, The National Board of Fire Underwriters has aiso pre- 
pared suggested Ordinances for Small Municipalities which 
covers just what such communities need in the way of build- 
ing regulations and the control of hazards. 

5. To further the construction of dwellings in particular, 
and at the lowest cost consistent with safety and efficiency, 
a building code committee was appointed by the U. S. De- 
partment of Commerce. This committee made its first re- 
port on a dwelling code in 1922; this code and any subsequent 
publications of this committee warrant careful study. 
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CHAPTER 17 
DEPARTMENT STORES 


1. The modern department store presents a problem of un- 
usual importance and interest to the fire protection engineer. 
Buildings oven ten stories in height are fairly common; some 
of the older stores have unbroken areas of an entire city 
block (up to 100,000 sq. ft.); open elevators and stair wells 
and especially unprotected light wells make rapid upward 
spread of fire and smoke almost certain; large quantities of 
highly inflammable goods are so distributed that fire can 
spread over them rapidly; and the population of the stores in 
clerks and shoppers reaches figures well in excess of 10,000 
at one time. The possibilities of life loss by fire are un- 
doubtedly greater in some of the older large department stores 
than in any other class of building. 

2. The only reason that the country has not experienced a 
tremendous holocaust in a department store is that the man- 
agement of these stores in almost every case has a keen sense 
of its responsibility, aims to maintain good conditions, and 
has installed automatic sprinklers throughout the premises. 
In one especially poorly built department store of large size 
a small electric fire broke out during the Christmas rush, on 
a day when 50,000 customers entered the building. The man- 
agement was so fearful of a recurrence that it rewired the 
building at a cost of approximately $100,000. 

3. The report of the Committee on Safety to Life of the 
N. F. P. A. approved in 1921 covers in detail construction, 
height, areas, protection of vertical openings, sprinklers, and 
particularly the exit capacity required under differing condi- 
tions of construction and protection. Actual counts in rep- 
resentative department stores during the Christmas and 
Easter rush periods showed the advisability of basing exits 
on the assumption that population under rush conditions 
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would be one person (customers and employees) for the 
following gross building areas: 


Sq. ft. per person 


a— street foot 2225. SE SI2tus, O2MY 19 pm ineien .. 15 
b—Floors above: street floor... 5... cece ene cee eed 50 
ea pales v basements «atyeptniie dbs nba eeaccarowe vip gis et 20 
d—Basements not used for sales .......... pity, Sieouns 100 


4. Some of the features that need particular attention to 
create as good as possible fire conditions include: 
a—Superlatively good housekeeping, with prompt and safe 
disposition of all refuse and sweepings. 
b—Particular attention paid to kitchen, tailoring shop, up- 
holstering shop, packing departments, and similar 
points of danger. 

c—Absolute prohibition of smoking on the part of custom- 
ers as well as of employees. 

d—Protection of vertical openings in manner set forth in 
Chapter 13. Light wells should, by all means, be 
floored over, and ventilation be secured artificially if 
necessary. An open light well invites panic more 
than any other structural defect. 

e—Provision of one or more fire walls, continuous from 
lowest floor to roof, to afford means of horizontal 
egress. 

f—Provision of liberal capacity stairs or other means of 

egress, and the prominent marking of these. 

g—A fire alarm signal system of the kind that will not 
alarm the customers, but will call the public fire de- 
partment and notify the private brigade. 

h—A highly trained fire brigade. 

i—Frequent fire drills to train employees not only to leave 
the building in a prompt and orderly manner, but to 
direct and assist customers to do the same thing. 
Customers cannot be drilled. Panic is particularly 
to be feared, especially as customers are largely 
women. 

j—Complete fire fighting equipment, including automatic 
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sprinklers, standpipe service, and hand extinguishing 
apparatus. 

k—Continuous supervision of all fire conditions by a com- 
petent man or men specially assigned to this work. 


5. The management of a department store cannot afford to 
overlook any reasonable structural, protective, or manage- 
ment steps that will safeguard life and property for which 
it is responsible. 


CHAPTER 18 
DWELLINGS 


1. More lives are lost by fire in dwellings, apartment 
houses, tenements, and hotels in the course of a year than in 
all the factory, school, theater, and similar holocausts in the 
average decade. The latter class of fire, because of its 
greater magnitude, receives extensive publicity, the former 
comparatively little, and the public fails to realize that the 
record of our country proves that fire prevention, like char- 
ity, should begin at home. The best data available indicate 
that of all lives lost by fire approximately 60% are children, 
and 20% each adult women and men. 

2. Not only the direct result of home fire prevention is 
vitally important, but the educational effect on the children 
of this generation will be reflected in the fire loss in what 
might be termed “public fires” in the coming decades. 

3. If a special effort were made to design the most com- 
bustible type of structure, it would be difficult to exceed the 
conditions in the average dwelling. Wooden walls (brick 
or stone walls add little to the fire safety), wooden floors, 
wooden roofs, wooden doors and trim, open wooden stairs, 
unstopped vertical flues in partitions, and highly inflammable 
contents is the usual situation. Given such construction and 
numerous possibilities of fire, not recognized or disregarded, 
it is no wonder that dwellings and allied structures are re- 
sponsible for much of our life and property loss. 

4, While the possibility of rapid fire spread and life jeop- 
ardy, especially at night, does exist in almost all homes, the 
very fact that conditions are under the control of the family 
makes a high degree of fire prevention possible. The excel- 
lent pamphlet, “ Dwelling House Hazards,’ prepared by the 
National Board of Fire Underwriters, should be secured and 
studied by every man who desires to safeguard against fire 
his own family or others for which he may be responsible. 

5. This also applies to the 1922 Dwelling Code promulgated 
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by the Building Code Committee of the U. S. Department 
of Commerce and for the 1922 specifications for Private Resi- 
dences of the N. F. P. A. 


CAUSES OF FIRE. 

6. Special reference is made to the following sections in 
Chapter 7, Common Fire Causes: 

7. Lighting—Sunlight; electricity; city, gasolene, and acety- 
lene gas; lamps; lanterns. 

8. Heating—Chimneys and flues; coal and wood stoves; 
steam and hot water heating; fireplaces; hot air furnaces; 
ashes; gas, gasolene, alcohol, and kerosene stoves; pressing 
irons; electrical devices. 

9. Miscellaneous—Metal polish; spontaneous combustion; 
matches; lightning. 

10. The three principal causes of fire in city dwellings un- 
doubtedly are: 

a—Matches. 

b—Refuse. 

c—Heating apparatus. 

In the country, lightning is also a serious hazard. 

11. Matches—To use other than safety matches (striking 
only on the box) in a home where there are small children 
is to invite disaster. Almost daily reports of children being 
burned to death by matches are carried by the daily papers. 
Burnt matches furthermore belong in metal containers and 
not in waste baskets. 

12. Cleanliness—Poor cleanliness is a direct cause of fire. 
Spontaneous combustion in oily rags, mops, and dust cloths, 
in burlap, and even in straw or hay is always a possibility, 
but the objection to poor cleanliness comes chiefly from the 
fact that a carelessly discarded match or cigarette butt, a fly- 
ing match head, a drop of hot soot from a gas burner, an 
electric arc, or heat from a stove or furnace may ignite com- 
bustible material and start a serious fire. A match discarded 
on a cement basement floor constitutes little hazard, but if 
thrown into a barrel of packing material the danger is great, 
Immaculate cleanliness in basements, attics, closets, garages, 
barns, and sheds is advisable, and even straw banked around 
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houses and shrubs is dangerous. The disposal of needless 
combustible material, such as empty boxes, ‘barrels, crates, 
and broken furniture is next in importance to a high degree 
of cleanliness. Particularly should excelsior and straw be dis- 
posed of at once, even if there is a likelihood that it may be 
useful at some future date. Fifteen cents worth of excelsior 
has burned many a home. 

13. Heating apparatus, as indicated in the list of topics 
above, is extensive and varied in the ordinary home. It 
must be remembered that here are definite hazards tolerable 
only if under control. It is not too much to ask that periodic 
examination, especially in the Fall, be made by the head of 
the house, and by the property manager or agent in charge 
of apartments, hotels, clubs, and theaters, of all such equip- 
ment with a view to correcting defects. Chimney and fire- 
place brickwork, smoke and stove pipes, floors under devices, 
gas pipes and valves, electric wiring, etc., should come in for 
careful review and for cleaning and repairs where necessary. 
The importance of the subject warrants calling in a compe- 
tent man to do this work if the owner does not feel qualified. 

14. Heating hazard practices that warrant special condem- 
nation include: 


a—Starting fires with kerosene and even with gasolene. 
b—Placing kindling in oven. 

c—Overfilling fire pots. 

d—Drying clothing over stoves or on hot pipes. 
e—Leaving electric irons with current on. 

f—Using electric bedwarmers, 


15. Lighting danger points, other than those covered in 
Chapter 7, include: 


a—Danger of amateur electrical work. A power house and 
not a set of dry cells is behind a lighting system. 
Only competent electricians should be allowed to 
work on circuits. 

b—A supply of properly sized fuses should be on hand and 
circuits should not be over-fused. The fuse is to an 
electric circuit what the safety valve is to a boiler. 

c—Paper and fabric shades on lamps have caused many 
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fires. Wrapping an electric lamp in a towel or 
blanket to use as a foot-warmer is almost certain 
to cause a fire. 

d—Long extension cords, tied aside, looped over fixtures, 
and even secured with nails and staples are decidedly 
dangerous, 

e—Electric devices such as vacuum cleaners and heaters 
often require more current than lighting wiring can 
safely carry, and warrant the installation of special 
circuits. Any device taking over 10 amperes should 
not be connected to ordinary lighting circuits. 

f—Glass bowl lamps are more dangerous than metal ones, 
and hanging a lamp over a table is safer than plac- 
ing it on the tablecloth. Many a fire has been caused 
by a child or dog pulling over a lamp. 

g—Candles have little place in a home except for decora- 
tive purposes. The electric flashlight is more con- 
venient and far safer. 


SPREAD OF FIRE. 


16. Fire-resistive Construction—The percentage of dwell- 
ings that are of fire-resistive construction is negligible, and 
yet progress is being made, notably in very pretentious homes 
and in houses for workmen. Concrete, gypsum, and tile lend 
themselves to dwelling construction, and it is likely that in- 
creasingly rigorous building ordinances, the increasing cost 
of wood, and the increasing number of and skill of contrac- 
tors who can build this type of structure will stimulate the 
building of houses structurally on a par with modern factory 
construction. 

17. Metal Lath and Plaster Construction. The remarkable 
ability of metal lath and plaster to protect wooden studs and 
joists, as demonstrated by tests of Underwriters’ Laboratories 
(see page 208, par. 26) indicates that it is possible to all intents 
and purposes to build a remarkably safe dwelling by the use 
of metal lath and plaster for ceilings, partitions, and walls 
even where the building is entirely of wood. While metal 
lath and plaster properly applied can withstand serious fire 
for an hour or more, wood lath and lime plaster fail in a 
very few minutes. 
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18. Improvements in existing houses to prevent the spread 
of fire can take the form of: 

a—Stopping of flues in studding (especially at basement 
ceiling and at attic floor) for a height of at least 3” 
with cement plaster, mineral wool, or substantial 
plank. 

b—Applying metal lath and plaster over heating plant, 
smoke pipe, and fuel storage, and preferably over en- 
tire basement ceiling. 

c—Providing doors at tops or bottoms of stair flights, oc- 
casionally with springs or doorchecks to keep them 
normally closed. 

d—Replacing ordinary glass door panels and transoms with 
wired glass, held by metal or metal covered angles 
or fillets. 

e—Replacing combustible roof coverings. See Chapter 14. 
The new asphalt shingles weigh about the same as 
wooden ones, and can be used without overloading 
roof structures. 


EXTINGUISHMENT OF FIRE. 

19. For the want of a convenient pail of water many a 
home has been burned. Pails of water can be kept without 
objection on account of unsightliness in basements, attics, 
and storerooms. The average dwelling, however, is warranted 
in owning a fire extinguisher. The choice lies between: 


a—A 2% gallon net capacity, soda-acid extinguisher. 

b—A 1% gallon net capacity, soda-acid extinguisher. 

c—A one quart carbon tetrachloride extinguisher. 

20. The order indicates the relative desirability, except that, 
where the weight of the 2% gallon machine (about 38 Ibs. 
when filled) is too great for handling by women and children, 
one or two of the smaller soda-acid extinguishers can be used. 
Water, which the soda-acid extinguishers discharge, is a bet- 
ter extinguishing agent for dwelling fires than carbon tetra- 
chloride. The family must know how to use extinguishers. 
Explanations are not as good as demonstrations. 

21. Grease fires generally yield better to sand, earth, ashes, 
salt, soda, or even flour than to water. 


~ 


256 Handbook of Fire Protection. 


22. A garden hose is a very effective extinguisher if the 
pressure is good and if the hose is readily available. 

23. Automatic sprinklers, fed by city water where supply 
is good, will insure against any serious basement fire. 

24. Thermostats to give prompt notification of fires are 
especially valuable in event of a night fire. While entire 
dwellings can be protected, the need is greatest in basements, 
kitchens, laundries, attached garages, and closets and store 
rooms, 

25. Establishing the location of the nearest fire alarm box, 
finding out where the key is if one is needed, and making 
certain that the members of the family know how to operate 
the box is desirable. While the telephone is quicker, and 
should be used in addition to a city fire alarm box, the latter 
eliminates misunderstandings and generally brings more ap- 
paratus, 


EGRESS. 


26. In every building in which people sleep it is especially 
important that the occupants know the available means of 
escape. Chapter 36 will bear reading in this connection. 
Items of special interest to homes include: 


a—Porches make excellent places of temporary refuge. 

b—Ladders kept on porch roofs, secured by chains so that 
they will not be lost when slid over the edge, insure 
a means of escape independent of outside assistance. 

c—Connecting doors between rooms, giving access to a 
porch without going into halls, are valuable. 
d—A portable ladder in the barn, garage, or under the 
_ porch, may make escape from windows possible. 
e—Individual room escapes, as described on page 653, are 
often advisable, especially in rooms above the second 
floor. 

f—An alarm system, powerful enough to be heard by all 
persons, and operated by push buttons in each hall, 
in certain rooms, and on the outside, is always war- 
ranted in a more pretentious home. This may be 
combined with a thermostat system. 


CHAPTER 19 
GARAGES 


1. The fire record of garages, both public and private, has 
been bad. The inherent hazard of gasolene is largely re- 


‘sponsible for this. Methods by which it has been ignited in- 


clude matches, forges and furnaces, torches, heaters, back 
firing, static electricity, electric arcs (including breaking of 
incandescent lamps), gas burning devices, acetylene lights 
on cars, burning out of cylinder carbon, and spontaneous 
combustion of waste. 48% of the fires recorded by the /Na- 
tional Fire Protection Association are of gasolene origin 
outside of the car and a large proportion of the 19% attrib- 
uted to the automobiles themselves were also of a gasolene 
character, 

2. While the fire record of filling and service stations is 
believed to be better than that of garages, the same precau- 
tions set forth herein are warranted in such stations in so 
far as they apply. 

3. Storage and Handling of Gasolene—The most important 
feature is the proper storage and handling of gasolene. Stor- 
age tanks should be outside and underground; inside discharge 
systems operated either by pump or by means of water pres- 
sure; inside connections preferably in a separate cut-off 
ventilated room; and the handling of gasolene to be through 
means of hose, pump tanks on wheels, or safety cans. Open 
containers of gasolene are ultra-hazardous. See Chapter 7. 

4, Static electricity may be produced by gasolene flowing 
througha rubber hose or from a metal can, especially if wood 
covered. Fires due to static electricity have been fairly com- 
mon, and loss of life has occasionally taken place. The 
remedy is to run a bare stranded copper wire through the 
inside of a rubber hose, making it mechanically and électri- 
cally secure at the pump and at the nozzle, and to bring hose 
nozzles and cans into direct metallic contact with the funnel 
or the car fill opening. See also page 41. 
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5. Smoking—Rigorous enforcement of the “ No Smoking” 
rule is absolutely necessary if safety from fire is to result. 
See Fig. 20, page 112. 

6. Boiler rooms should be cut off and, if in basement, should 
have solid ceilings and be entered from the outside. Steam 
or hot water heating only is advisable, especially for large 
garages. Private garages often are heated by steam or hot 
water lines run from the residence, and special types of coal 
burning or gas burning safety heaters, which have been de- 
signed to meet the small garage situation, probably give a 
considerable measure of protection, where properly installed 
and maintained. 

7. The use of an air-cooled automobile, or of non-freezing 
mixtures in radiators, obviates the need of heat except pos- 
sibly in the very coldest climates. 

8. Pits—Owing to the weight of gasolene vapors, all depres- 
sions in floors should be avoided. Mechanical ventilation for 
large pits is often necessary. 

9. Sewer connections require traps or separators to prevent 
possible fire spread through them in either direction. See 
Fig. 18, page Ior. 

10. Cleaning of cars and metal parts should not be carried 
on with gasolene. Kerosene is recommended for this pur- 
pose. 

11. Repairs, except minor ones, should be made in a de- 
tached shop. No repairs requiring fire heat should be car- 
ried on in main garage. Electric soldering irons, however, 
are not objectionable. 

12. Lighting should preferably be by electricity, although 
gas arcs, equipped with pilot lights and located to ft. or 
higher from the floor, have proved safe. The approval of 
the Underwriters having jurisdiction must, however, be se- 
cured before gas lighting is installed. Conduit wiring with 
fuses and switches, preferably located where no gasolene 
vapors may be present, is standard practice. The hazard of 
key sockets on extension cords, and of breaking incandescent 
lamps, is so great that exceptional care is needed. Cords 
should plug into outlets 4 ft. to 5 ft. above the floor, should 
be of heavy reinforced portable type, well maintained, sockets 
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should be keyless, and lamps should preferably be enclosed 
in heavy rod guards to insure them against breakage. See 
Fig. 4, page 39. 


SPREAD OF FIRE, 


13. Construction—For garages housing a large number of 
cars, and especially if over one story high, the only proper 
construction is fire-resistive. This is generally the require- 
ment of building codes. The intensity of fires in automobiles 
has been demonstrated in a number of buildings of fire-resis- 


-tive construction, as well as in thousands of a combustible 


character. The gasolene, oil, wood, upholstery, rubber tires, 
and top portions of an automobile make a considerable ag- 
gregate in any single car, let alone in dozens or scores. 

14. The tendency to build even private garages entirely or 
partly fire-resistive is commendable. The use of metal lath 
and plaster will give a high degree of fire-resistance and is 
particularly advisable for old buildings converted into ga- 
rages. ; 

15. Vertical Openings—The protection of vertical openings 
is particularly important in large garages, because through 
the medium of gasolene in liquid or vapor form fire can 
spread downward as well as in the usual upward manner. 


EXTINGUISHMENT OF FIRE. 


16. The large garage, especially if not of fire-resistive con- 
struction and having moderate floor areas, can to great ad- 
vantage be equipped with automatic sprinklers. 

17. Inside hose, soda-acid extinguishers, sand pails, and car- 
bon tetrachloride extinguishers, both on cars and in garages, 
all have their place in large garages, and hand extinguish- 
ment belongs in every private garage, even if limited to a 
carbon tetrachloride extinguisher on the motor car and to a 
soda-acid one in the building. 


CHAPTER 20 


HOTELS 
RESORT HOTELS. 


1. The fire record of hotels of the seasonal or resort type has 
been notoriously bad. These structures, often of great size, gen- 
erally entirely of wood, without the semblance of a fire stop 
either horizontally or vertically, often without even detached 
kitchens and laundries, and without adequate inside or outside 
fire fighting protection, have, in practically every case, been total 
losses if a fire got beyond the incipient stage. 

2. The freedom from holocausts in resort hotel fires can be 
attributed largely to good fortune. 

3. Where such properties are prosperous, there is no reason 
why material improvement cannot be secured through the control 
of causes of fire, the stopping of vertical openings, and particu- 
larly the installation of automatic sprinklers. Such protection 
has been installed in a number of resort hotels, and found to be 
desirable from a business as well as from a protection standpoint. 
The cost of sprinkler protection per guest per day is negligible, 
and the effect on his life safety great. 

4. The fire protection problem of the resort hotel does not 
appreciably differ from that of other properties. Attention is 
necessary to: 

a—Eliminating causes of fire. See Chapter 7. 

b—Retarding the spread of fire. See Chapter ro. 

c—Providing for the extinguishment of fire. See Chapters 26 

to 29 inclusive. 

d—Providing means for safe egress. See Chapter 36. 

e—Providing alarm facilities. See Chapter 35. 

5. Features of special interest in furthering fire safety in hotels 
of this type include: 

a—Superior cleanliness, especially in basements of buildings in 

which persons sleep. 
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b—Segregation of kitchen, laundry, repair shop, boiler, and 
similar hazards. 

c—Protection with sprinklers of these hazardous sections where 
not detached. 

d—Adoption of a policy of gradual sprinkler protection, begin- 
ning with the basement and working upward. 

e—Superior watchman service, especially during the night. 

f—Posting of plans in each room.to show guests the location 
of all available exits. 

g—Provision of individual room escapes on third floors and 


above. 


CITY HOTELS. 

6. The fire frequency in city hotels has probably been quite as 
great as in resort ones, but the public fire department protection 
and better average construction have made the fire record less 
bad. ‘The life loss record in city hotels, clubs, and lodging 
houses, on the other hand, has been much worse. 

7. Modern requirements in practically all cities call for fire- 
resistive construction of hotels and similar buildings, and the 
number of superior structures which have been erected since 
about 1900 is gratifyingly large. Many fires in hotels of fire- 
resistive construction have demonstrated the great value of such 
construction. 

8. The best buildings are practically free from any combustible 
material in their construction. Carpets are laid directly on ce- 
ment, doors to corridors are of metal, transoms properly are 
omitted, elevators and stairs are enclosed, window frames are of 
metal with wired glass where exposure exists, standpipes, extin- 
guishers, and alarm facilities are provided, hazardous sections 
are sprinklered, and effective fire fighting organizations exist 
among the employees. A fire in such a building is generally con- 
fined to the room in which it originates, These things pay in 
guaranteeing against interruption of business, loss of patronage, 
and in lower insurance costs and maintenance charges. 

9. Where the construction is not fire-resistive, the best remedy 


is to install a complete system of automatic sprinklers. 


10. See also specific items under Resort Hotels. 
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CHAPTER 21 
OFFICE BUILDINGS. 


1. The fire problem of the office building resembles that of 
the city hotel, with the important difference that people do 
not sleep in the former. 

2. The holocaust possibilities in large office buildings are 
second only to those in large department stores. Over 5,000 
persons are housed —bove the street floor in a number of office 
buildings in our larger cities. While the newest buildings 
generally have the stairs, elevators, and other vertical open- 
ings protected, many of the largest and most popular struc- 
tures have nothing even resembling a horizontal fire stop 
from the basement, or even from sub-basements, to the roof. 

3. The possibility of fire of any size being developed lies 
particularly in the retail stores, frequently with large stocks 
of combustible goods, located generally on grade floor, and 
often separated from the main halls only by partitions con- 
taining large areas of plate glass. Another danger lies in 
large unbroken areas occupied by bigger corporations, where 
the combustible aggregate of furniture, paper, and supplies 
is considerable. The amount of combustible material in 
wooden floors, baseboards, doors, windows, etc., will prob- 
ably average around 5 lbs. per sq. ft. The furniture, paper, 
books, and other contents seldom weigh less than 10 Ibs. 
per sq. ft. The aggregate of fuel in a large building is” 
enormous. Even a small fire can pfoduce a large volume of 
smoke, and how effective a chimney is a high, open elevator 
shaft is a matter of common knowledge. 

4. The normal vertical travel in office buildings is almost 
entirely on the elevators, the stairs have limited capacity, 
their location is frequently unknown, and the physical strain 
of traveling down perhaps twenty to thirty flights of stairs 
makes them a limited and slow means of escape. Under 
these conditions, the possibility of disaster becomes clear. 
Great loss of life not only may follow a fire of considerable 
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size, but asphyxiation by smoke and death by panic crushes 
and by persons falling from wall openings must be taken into 
account. 

5. The counts, conducted for the committee on Safety to 
Life of the N. F. P. A. of actual occupants in a large number 
of representative office buildings indicates that there is one 
person for each 100 to 125 sq. ft. of gross floor area at the 
most congested time of the day. Upon this basis exit capacity 
must be provided. ' 

6. Nothing resembling an effective fire drill has ever been 
worked out, much less put into effect, for a large office build- 
ing containing hundreds of tenants over whose employees and 
visitors no practical control is feasible. 

7. Not only the best construction in the future, but the cor-_ 
rection of structural defects, notably vertical openings, in 
older fire-resistive buildings is warranted. Higher combust- 
ible structures should have sprinkler protection throughout, 
or at least in the more hazardous portions. 

8. See the N. F. P. A. recommendations for the construc- 
tion of office buildings of various classes. 


CHAPTER 22 
SCHOOLS 


1. The safety of our children in our schools has been ex- 
tensively discussed, notably because of the Collinwood dis- 
aster in Cleveland in 1908, when 172 children and teachers 
perished; but little, on the whole, has been done to safeguard 
life and property against fire in school buildings. Not even 
the fundamental safeguards of good cleanliness in basements, 
safe heating apparatus, adequate exits, and reasonable provi- 
sion of fire fighting equipment have received attention in a 
large percentage of our schools, even in the larger cities. 
There have, however, been notable examples on the part of 
universities, colleges, and public schools of wisely conceived 
and liberally carried out policies of construction, protection, 
and maintenance; and the new construction tendency is on 
the whole toward better buildings. 

2. The relatively small life loss in day schools has been due 
to the generally good fire drill systems in vogue, to alarms, 
and to the fact that practically all portions of buildings are 
occupied while the children are in them, so that prompt dis- 
covery of fire is assured. How narrow the escape from dis- 
aster may be was evidenced recently in an eastern city when 
only the good judgment of the principal deflected half of 
700 children from their usual egress stairs, at the foot of 
which fire had taken hold, to the other stairs and to safety. 
The building was gutted in twenty-five minutes. 

3. Proper school construction has received much study, and 
an excellent illustrated treatise on the subject is to be found 
in the 1916 Proceedings of the National Fire Protection As- 
sociation. An illustrated article “ Fire Protection for Schools ” 
in the July, 1919, Quarterly of the N. F. P. A., and available 
in pamphlet form, is the most condensed, useful treatise so 
far produced on this subject. The causes, life loss, property 
loss, prevention and protection measures, and egress are coy- 
ered. 
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4. The N. F. P. A. approved in 1922 the report on Schools 
submitted by the Safety to Life Committee. High points in 
this report are: — 


a—Fire-resistive construction required in new buildings of 
3 stories or higher. 
b—Population for which exits must be provided shall be 
determined. 
(1) Auditoriums and gymnasiums 6 sq. ft per 
person. 
(2) Other educational areas, 40 sq. ft. of gross 
building area per person. 
c—Stairs adequate to empty any building in 3 min. at a 
rate of discharge of 45 persons per minute past a 
given point. In non-fire-resistive buildings the largest 
stair is disregarded in figuring exit’ time. 
d—For existing buildings not up to standard, greater 
safety is proposed through the use of sprinklers and 
metal lath and plaster finish. 


5. Wide aisles in rooms, broad halls, wide and easy stairs, 
and doors that swing out are fundamental safety require- 
ments. 

6. The protection of vertical openings, expensive though it 
may be, is generally advisable for any schools that are not 
under sprinkler protection. 

7. Sprinklers, especially in basements, are particularly valu- 
able in schools. A gradual sprinkler installation policy, be- 
ginning with the basements on city supply only, has been 
adopted in a number of cities. Greater safety results from 
basement installations in four schools than from a complete 
installation in one of three-stories-and-basement height. 

8. An effective alarm system to permit of fire drills, and 
preferably a main line city alarm box at the front entrance, 
are advisable. Also, especially for larger schools in which 
evening classes are held, a watchman with clock is recom- 
mended. The failure promptly to notify the public fire de- 
partment has been claimed to have been an important factor 

in several disasters in which lives were lost. 
‘ 9. The one-story, without basement, type of school building 
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is employed in Rochester and in a few other cities. It is 
particularly good from a fire standpoint. Each room has at 
least one door and one window in an outside wall, and all 
that is necessary to empty the school is for each class to 
walk out of its particular door to safety. The character of 
construction is, from a life safety standpoint of practically 
no importance. Rochester found that for equal pupil capac- 
ity, and taking into account fairly expensive real estate, the 
one-story school of substantial construction was cheaper than 
a fire-resistive structure of the ordinary height. 

10. For safeguarding of hazards, structural improvements, 
and extinguishing apparatus, the reader is referred to chapters 
on the subjects on which information is desired. Special at- 
tention is called to Chapter 36 on Egress. 

11. The National Fire Protection Association pamphlet on 
“Suggestions for the Organization and Execution of Fire 
Drills ” contains some special suggestions applying to schools. 


CHAPTER 23 
HOSPITALS AND INSTITUTIONS 


1. Over a million sick, crippled, aged, blind, insane, or- 
phaned, and otherwise unfortunate or defective persons are 
ordinarily found in some ten thousand institutions in our 
country. This is the opening sentence of an illustrated, com- 
prehensive treatise of the fire protection problem of hospitals, 
asylums, and similar institutions, appearing in the April, 1920, 
Quarterly of the N. F. P. A. The very helplessness of many 
of the inmates makes fire prevention the more important, 
and, speaking generally, the degree of care exercised by in- 
stitutional managements leaves much to be desired. 

2. The vital and generally least expensive improvement 
lies in the field of preventing fire outbreak. See Chap. 7. 

3. Retarding the spread of fire is especially important 
where occupants cannot readily escape. See Chap. 1o and 
13 in particular. The use of incombustible finish such as 
metal lath and plaster is exceedingly worth while. 

4, Automatic sprinklers will make virtually safe even the 
poorest building. Partial installations, in basements and espe- 
cially hazardous places, are exceedingly valuable. Adequate 
hand extinguishing apparatus, a local alarm system, a special 
city fire alarm box, employees drilled in fire fighting and in 
the removal of occupants, and rigorous inspection of building 
and equipment are essentials. 

5. Of all types of buildings, hospitals and institutions where 
persons are helpless or confined require the best fire preven- 
tion conditions; generally these are exceedingly bad as regards 
construction, exits, and fire protection. 
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CHAPTER 24 


THEATERS AND OTHER PLACES OF PUBLIC 
ASSEMBLY 


1. Theaters used for theatrical and operatic performances 
and for showing motion pictures are covered in detail in the 
National Board Building Code and in the N. F. P. A. Com- 
mittee reports. The construction requirements in most cities 
now are high as regards the structure and the exits. The 
Iroquois disaster in Chicago in 1903, in which 600 persons lost 
their lives in a new and structurally excellent building, mar- 
kedly stimulated fire protection for theaters. The deadly in- 
ward opening door is largely a thing of the past. 

2. The Boyertown disaster in 1908, in which about 200 per- 
sons perished, illustrated the life loss possibilities in a dis- 
tinctly inferior structure with kerosene footlights and inade- 
quate exits. The same thing was demonstrated in the Cleve- 
land, S. C., disaster of 1923, where some 75 persons perished. 
A number of fires accompanied by life loss have taken place 
in motion picture houses. 

3. Most fires occur on the stage or underneath it, owing to 
scenery and other inflammable contents spread rapidly, and 
smoke and gases spread to the auditorium through the pros- 
cenium arch, unless liberal ventilators are provided above the 
stage. The National Board Building Code calls for a venti- 
lator area at least 10% that of the stage and for both auto- 
matic and manual opening facilities for these ventilators. 

4. The auditorium should be separated from the stage by a 
fire wall, as free from openings as possible, with doors pro- 
tected with standard fire doors, and with the proscenium 
arch covered by a fire curtain. Rigid steel and asbestos cur- 
tains capable of resisting considerable fire are described and 
illustrated in the National Board Building Code. Asbestos 
curtains, often necessary in smaller and older theaters, have 
some value. The 1907 Proceedings of the National Fire 
Protection Association describe their construction. 
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5. For new places of public assembly seating over 300 per- 
sons, fire-resistive construction is specified; for smaller houses 
one-story high, ordinary construction is acceptible provided 
wood is protected with metal lath and plaster. No place 
of public assembly should be planned without reference to 
local regulations. 

6. Automatic sprinklers on the stage, under it, in dressing 
rooms, workrooms, etc., are rapidly becoming standard prac- 
tice. 

7. Ample exits, unlocked, straight, and free from stumbling 
dangers are fundamentally needed. The National Board 
Building Code specifies I ft. of combined width of exits (in- 
cluding stairs) for each tier for each twenty persons accom- 
modated in that tier. The main entrance should have a 
capacity of at least 50% of the total exit width requirements 
for the various parts of the building. 

8. For motion picture houses, the chief special provision, is 
for a fire-resistive booth for projecting machines, vented to 
the outside air. For a sheet metal booth, where that. is per- 
mitted, see page II0. 


CHAPTER 25 
PUBLIC FIRE DEPARTMENTS 


And High Pressure Systems 


By ENGINEERS OF THE NATIONAL BOARD OF 
FIRE UNDERWRITERS 


1. INTRODUCTORY—As space does not permit of any 


extensive account of American fire department methods, this 
discussion will be confined to a few salient features and to 
pointing out the direction which experience has shown as 
desirable in making improvements, rather than to attempt an 
account of the management and operation of existing depart- 
ments. It is doubtful whether the department of any one city 
can be used in all respects as a model for another on account of 
the many different conditions met. Fire departments range from 
the immense full-paid organizations of great cities down to the 
small volunteer companies of villages or factories, with almost 
every conceivable combination of full-paid, part-paid, call men 
and volunteers. 

2. Until recent years no attempt has been made to lay down 
rules or devise methods for regulating the growth of our rapidly 
expanding fire departments. Each municipality has gone ahead 
with little regard to outside experience and made additions as 
the exigencies of local politics or the agitation following bad 
fires have demanded. When in time the growth of a city has 
necessitated full-paid departments the companies are forced to 
occupy cramped quarters originally intended for volunteer club- 
houses, and to use antiquated and incomplete equipment. Some 
cities of 60,000 to 80,000 population are today struggling along 
with inadequate and inefficient volunteer departments, delaying 
to change to the far more satisfactory full-paid basis, either be- 
cause of the political influence of the large body of volunteers 
or because of the apparent great discrepancy of maintenance 
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between the 50 cents and 1 dollar per capita required by the 
volunteers and the $2.50 to $5.00 per capita necessary for a 
full-paid department. This discrepancy is only apparent, for 
when we consider the loss of time of the volunteers from 
their regular vocations, the not inconsiderable sums that 
volunteer organizations must raise from time to time for 
various expenses by public subscription, balls, entertainments, 
and fairs, the unnecessary fire losses inflicted upon the com- 
munity by the inefficiency of volunteer operations and_ the 
unavoidable waste of expenditure due largely to divided and 
irresponsible control of finances, it is evident that the net 


* result is a large tax upon the public where these conditions 


obtain. 


3. WORK OF THE NATIONAL BOARD-~—Since 1890 the 
National Board of Fire Underwriters has been engaged in invés- 
tigating fire departments, as well as water works and other fire 
protective conditions in cities, with the purpose of recommending 
improvements. From 1890 to 1904 this work was performed by 
single inspectors, during which time some 747 cities and towns 
were visited and reports issued. During twelve of these years 
fire chiefs of long experience, former presidents of the fire 
chief’s association, were employed. After the Baltimore fire of 
1904, following several other conflagrations, the National Board 
enlarged the scope of the work and employed a number of civil, 
mechanical and electrical engineers to study into conditions from 
the viewpoint of the modern efficiency engineer, to locate the 
weak spots and advise methods of improvement. 

The National Board Engineers, after inspecting and report 
ing upon over 500 cities in the United States, including prac- 
tically all over 25,000 population and many of smaller size, 
prepared a Standard Schedule for Grading Cities and Towns 
in the United States with Reference to Their Fire Defenses 
and Physical Condition. This Schedule consists essentially 
of standards for different sizes of departments, modified by 
local conditions, and gives a basis from which the relative 
value of the fire departments of the country can be deter- 
mined. In addition, the Schedule covers other features of 
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protection, such as, Water Supply, Fire Alarm System, 
Building Construction, Protection of Hazards and the Phys- 
ical and Structural Conditions of the city. Much of the data 
given hereinafter is taken from the above-mentioned Schedule 
or is an amplification of the features covered by that publica- 
tion. 


ORGANIZATION 


4. BASIS—In organizing a fire department the basis of main- 
tenance is the first point to be considered. Shall full-paid, part- 
paid, or volunteer firemen be employed, or a combination of © 
some of these? It is now generally recognized that a small 
number of full-paid men constantly employed are better able to 
handle ordinary fires than a large number of volunteers or call 
men. Yet, in small cities, where it is impracticable to employ 
more than one or two companies, conditions are generally such 
that at times additional men are needed and it is advisable that 
either call men or volunteers be included in the personnel. With 
the general use of automobile fire apparatus, the tendency toward 
full paid or part paid fire departments in small communities has 
been accentuated, as the greater radius of operation of motor 
apparatus permits covering an extensive territory by one or two 
companies, 

5. In very small communities a paid department is impracti- 
cable, as the fire service is too infrequent to justify supporting 
paid men. Cities of less than 10,000 population rely almost en- 
tirely upon volunteers. Occasionally towns of this size employ 
a full-paid chief, but the common method is to pay the chief 
officer a moderate sum, say $300 a year, sufficient to reimburse 
him for time lost in fire department work and expect him to rely 
on his trade or business for his main support. This method of 
partial payment is commendable, as the chief whose services are 
purely voluntary is not likely to spend any more time than is im- 
perative on the fire department, considering the office one simply 
of honor and a tribute to his personal popularity, whereas ac- 
ceptance of a salary is likely to, or should, imply the acceptance 
of the duties of the position. 

6. Cities of from 10,000 to 20,000 population in most cases 
support a few full-paid firemen, assisted ordinarily by volun- 
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teers or call men. A force of full-paid firemen, including chief, 
drivers and engineers, with part-paid call men, appears to be an 
accepted practice for cities of this size, where the ordinary fire 
service is not frequent enough to warrant a complete full-paid 
department. While in many such cities and some larger ones 
the volunteers have done valuable work, yet their efforts are too 
undisciplined, inefficient and often misdirected to make their 
assistance reliable. Quarrels between rival volunteer companies, 
interference of politics and difficulty of controlling such mem- 
bers are compelling arguments for substituting full-paid men 
whenever the city can afford it. 

7. In cities of from 20,000 to 100,000 inhabitants the methods 
vary greatly in different sections of the country. In the East 
such departments are largely composed of volunteers or call 
men, while in the West and South full-paid departments are the 
rule. A few Eastern cities of even as large as 80,000 inhabitants 
have volunteer departments composed of companies organized as 
social clubs, with 50 to 200 members each, with a few paid men 
and officers. In these cities, sentiment is gaining headway toward 
the organization of full-paid departments. 


8. SUPERVISION—This subject has been a difficult one for 
municipalities. The old method of control by a committee of the 
city council has largely given way to a so-called non-partisan 
board of fire commissioners, or to a single commissioner. The 
non-partisan board is usually a bi-partisan board and its opera- 
tions are frequently conducted upon the principle of “ You vote 
for my man and I'll vote for yours.” 

9. A single commissioner appointed by and responsible to the 
mayor, leaving the management of the department to the chief, 
has been found more satisfactory. Especially is this good where 
the chief is protected from unwarrantable interference by civil- 
service or tenure-of-office laws. 

10. In many cases the multiple-headed commission is subject 
to frequent change, followed by changes in management and 
demoralization of the department. Sometimes the National 
Board has recommended that one commissioner be appointed 
each year for a term of years, so as to avoid sudden shifts of 
policy; more frequently the National Board has recommended a 
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single commissioner appointed for a long term and removable 
only for cause. 

11. In New York and in some other states, and in the many 
cities which have adopted Commission Government, the fire de- 
partments are usually under the supervision of a Commissioner 
of Public Safety, who generally controls also the police, building, 
and health departments. This has generally worked out well in 
practice, especially where appointments and promotions are 
guarded by civil-service laws. The Commissioner usually handles 
finances and makes appointments and promotions. A good 
method in cities up to 100,000 population is to entrust appoint- 
ments and promotions to the Fire Chief, who is almost invariably 
of long experience in the department and interested only in secur- 
ing efficiency. In any case assignments and transfers should be 
controlled by the chief alone. 

12. Tenure-of-office is necessary; where the chief is subject to 
annual appointment by the mayor or council, political or personal 
influences inevitably creep in and the appointment of the chief 
for an indefinite term, subject to removal only after due trial, 
is the most satisfactory method so far devised. 


13. ENLISTMENT, PROMOTION, AND RETIREMENT 
—The method of appointing best adapted for any city depends 
largely upon the size of the city and local conditions. In large 
cities the chief cannot know all his subordinates and certainly 
cannot be acquainted with any large percentage of applicants 
for appointment; in these places the civil-service method is the 
most satisfactory yet devised for appointments. The officers .of 
some of the large departments have rather freely criticised civil- 
service methods but it is doubtful if they have anything better, 
or nearly as good, to offer. Where civil service is properly 
applied, the past record of applicants is looked into and they 
must successfully pass a rigid physical examination before taking 
the mental examinations. There is in some quarters a false im- 
pression that civil-service methods have resulted in the appoint- 
ment of a class of men better adapted to clerical work than the 
physical labor required in city fire departments. While the 
mental examination may bar out otherwise desirable applicants, 
yet in the large cities there is no lack of applicants and it is 
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readily practicable to make physical requirements such that all 
the men getting on the eligible list shall be competent to become 
able-bodied firemen. The varied emergencies and requirements 
of modern fire department work are best met by men capable of 
passing reasonable mental as well as the physical examinations, 
rather than by men whose chief asset is mere strength. 

14. In smaller cities, say up to 40,000 or 50,000 population, it 
is quite possible for the chief to select his subordinates from 
among the applicants, and, in fact, this method in smaller cities 
has been successful. The practice is not so liable to abuse as 
might appear at first sight, as the chief is usually a fireman of 
many years’ experience, with the interest of the service and city 
at heart and desirous of selecting the best available men. Even 
in the smaller cities some mental examination is desirable and 
certainly a rigid physical examination. 

15. When the eligible list is established appointments should 
be made by the chief rather than by a council committee or the 
mayor. New appointees should be on probation for a reason- 
able time, say six months. They will be under the eye of: com- 
pany officers and the chief, and appointments should not be 
made permanent until the officers have had opportunity to ob- 
serve their work at fires and determine whether they will make 
successful firemen. Once appointed, they should be made secure 
in their position during good behayior and efficient service. For 
promotion, good record and seniority should be considered in 
making up an eligible list. Examinations for promotion to com- 
pany officers should be largely competitive, but for battalion chief 
and higher positions good service-and seniority should have a 


‘greater weight. 


16. For retirement the National Board has recommended that 
members be retired from active duty on reaching sixty-two 
years, unless at that time they are unusually efficient. Sixty- 
two years is the age for retirement from the United States Army 
and Navy. The exemption from this rule of members of unusual 
efficiency enables the department to avail itself of the accumu- 
lated experience of the higher officers, who should have no 
manual labor to perform. In connection with requiring mem- 
bers to retire on account of age there should be means provided 
for pensioning men for long service or disability. Often a volun- 
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teer or part-paid aepartment will have a sick benefit or a death 
benefit fund; on establishing a paid department these become a 
nucleus for a pension fund. Money for such purposes may be 
obtained by apportioning part of the taxes, fines assessed upon 
members of the department, gifts from citizens and by annual 
appropriations. Pension rules generally provide that members 
may retire on half pay after twenty to thirty years’ service, if 
over fifty-five years of age, or after ten years’ service if partially 
disabled, or at any time if permanently disabled when on duty. 
There should be a minimum age for voluntary retirement or 
pension, so that the city may not be deprived of the services of 
experienced men in the prime of life. In New York City the 
pension law permits members to retire on half pay after twenty 
years’ service regardless of age; thus a man may retire at forty- 
one, when his services should be of value to the city for many 
years. Rules should also provide for small pensions for widows, 
minor children and dependent parents of deceased members. 


17. COMPANY ORGANIZATION AND MAINTE- 
NANCE —In the ordinary full-paid department the men will be 
collected in a comparatively few companies of sufficient strength 
to man all the apparatus at the station. If call men or volunteers 
are included in the department then enough full-paid men should 
be assigned to get the apparatus to a fire and get to work. In 
a part-paid engine company, for instance, the engineer, two 
drivers and one other member, preferably the Captain, should be 
full-paid, so that at least two men will be on duty during meal 
hours, enough to get the apparatus to the fire; for a hose or 
ladder company, at least two men must be full-paid. This does 
not allow for days off or sickness, for which permanent substi- 
tutes should be employed, who will shift from one company to 
another to fill in. 


18. FULL PAID DEPARTMENT. The Standard Sched- 
ule of the National Board of Fire Underwriters recommends 


a minimum strength of companies as given in the following 
table: 
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Least Number of Men 
on Duty . 
CoMPANIES 


Day Time |Night Time 


Within or Near High Value District: 
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19. It is the concensus of opinion of fire department offi- 
cials that greater company strength is necessary at night than 
during the day. The handicap offered by darkness, locked 
doors, more severe cold, and other features seems to justify 
this opinion. In the past, most of the departments operated 
on the so-called single shift system, where the men received 
certain time off, ranging from one day in three to one day in 
ten and, in addition, were permitted meal periods, usually 
three each of one hour’s duration, with the result that com- 
pany strengths were automatically stronger at night than 
during the day. For instance, in a 14-man company where 
men get two weeks vacation, one day off in five and 3 hours 
for meals, during a large part of the time, one man would 
be on vacation and three on days off. This would leave 10 
men on duty at night, but during the day time, there would 
be three hours in which the company would be reduced to 
six men, and six hours in which it would be reduced to seven 
men, or for a total of nine hours during the day there would 


’ be only six or seven men available to man the apparatus. 


20. TWO PLATOON SYSTEM—In recent years, many 
cities have placed their departments on a two-platoon basis. 
Under this system, the department is divided into two equal 
shifts. Thus, the same number of men are on duty at night 
as during the day. The most common form of operation of 
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the two-platoon system is to have periods of 10 hours and 
14 hours operation, although many departments have each 
shift on duty for 24 hours, making the men bring their meals 
or prepare them at the station. It is considered desirable to 
have officers alternate in such a manner as to be brought in 
contact with men of each shift; this is especially so where one 
of the officers is in charge of a station and apparatus with 
title of Captain and the other is a subordinate with title of 
Lieutenant. Many departments give each officer equal rank 
and hold him responsible for men and equipment during his 
time of duty. 

21. The change from single shift systems to two-platoon 
requires an increase of 33 to 50 per cent. in men and cost of main- 
tenance, depending upon whether an attempt is made to 
maintain an average of the previous day and night strength, 
or the previous night strength. Where the strength of each 
platoon is only equal to the previous minimum day strength, 
it is impossible for members of the company to make inspec- 
tions or to attend drill schools. The ideal condition is to have 
each platoon equal to the minimum required night strength 
as given in the table above and to use the two additional 
men thus available in the day time, over the minimum speci- 
fied, as inspectors in the fire prevention bureau or in other 
fire department work, 

22. Companies within or near high value districts, which 
districts are usually made up of buildings of large size and 
considerable height, must be stronger than those in purely 
residential sections, as there will be greater need of quick 
action and of the laying of two lines by a company and, in 
addition, it takes more men to handle the hose and to do 
rescue work in buildings of the height usually found in such 
districts. 

23. In a few cities drivers or chauffeurs do not perform 
fire duty. Where this condition exists, the minimum number 
of men necessary must be one greater than as given in the 
table. This is also true where an operator is left at the 
hydrant, as is sometimes the case where pressures are high 
and streams are used direct from hydrants. 
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24. In a number of cities, auxiliary squads have been estab- 
lished in which a company of men, sometimes equipped with 
apparatus carrying hose, but usually with apparatus having 
only chemical equipment and minor tools, is so located that 
it can cover a very extensive section of the city. These 
squads were first established with the early introduction of 
the automobile touring car, before automobile apparatus had 
been perfected for other fire service. The intent was to 
quickly transport additional men to the scene of the fire and 
thus augment undermanned companies. Some few cities still 
maintain such squads, but in general with the more or less 
complete motorization of fire departments there no longer 
exists any need for these auxiliary squads of men, simply as 
an organization to increase the manual strength of the force 
at the fire. This desired increase can be obtained sufficiently 
quickly by sending in a second or third alarm, thus calling 
regular companies which have full equipment in case it is 
needed. 

25. With hand and horse drawn apparatus, it was common 
practice to maintain as separate companies apparatus carry- 
ing only large chemical tanks. This was because the intro- 


~ duction of chemical tanks on hose wagons in many cases 


made them too heavy. Some departments have maintained 
these chemical companies after the department became motor- 
ized, putting the chemical tank on automobile chassis. The 
men on these chemical companies are usually available after 
the first few minutes of a fire to help out the engine or ladder 
companies which have responded. Where auxiliary squads or 
chemical tanks respond to alarms, the men are thus available 
as an auxiliary force to aid the other companies. It is con- 
sidered that the strength of the other companies may be re- 
duced by one man without materially affecting the fire 
methods. 

26. One of the advantages claimed through the use of the 
two-platoon operation of the department is that a large re- 
serve force of trained men is thus provided in the off-shift 
platoon. In many cases, particularly in the larger cities, 
this is more theoretical than actual. Usually the law under 
which a department changes to the two-platoon gives the 
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chief of the department power to call the off-shift at time 
of serious fires or for other emergencies. Few of the larger 
cities have yet worked out adequate means of calling these 
men and the lack of transportation renders it problematical 
as to whether they would be available at night. In the 
smaller places, where tower bells and whistles can be heard, 
the problem. is more easily worked out and records show 
that in many communities an average of 75 per cent. of the 
men has responded upon call. When a fire occurs at or near 
the period of change of shifts both platoons are available, 
thus giving a largely increased fire force. The method of 
using the off-shift men varies. Most cities require the men 
to respond to the fire. A few places have adopted a better 
scheme; the men are required to respond to headquarters or 
some other station and to man reserve apparatus located 
there, thus covering the city for a second fire and being 
available on call for the first fire if their services are needed. 
With these methods of procedure, the men are able to keep 
suitable working clothes on the reserve apparatus and there 
is also the advantage of additional equipment responding 
with them. 

27. Ina department operating on a call basis, where members 
receive some pay or are fined or otherwise disciplined for 
not responding to fires, it is assumed that a company strength 
on the basis of 4 call men equalling one paid man is suffi- 
cient. Volunteer departments often have large membership. 
This is detrimental to good service as it works against har- 
monious action and at times results in such an excessive 
crowd at the fire that efficient service cannot be carried out. 
The membership of a volunteer department should be on a 
basis of 8 volunteers equalling one paid man. 


28. DISTRIBUTION OF COMPANIES AND APPARA- 
TUS. In considering the distribution of companies the-shape, 
size, and location of the mercantile and other high value 
districts must be given consideration. The Grading Schedule 
of the National Board of Fire Underwriters specifies that 
companies should be within the following distances of every 
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point in the district, measured by the most direct traveled 
route. 


Horse-drawn. Automobile. 
DISTRICT. 
Engine or Ladder Engine or Ladder 
Hose Co. Co, Hose Co. Co. 
Mercantile or manufacturing . .. 3mile |* mile 2 mile 1 mile 
Closely built residential....... 1 mile 3 miles | 13 miles 2 miles 
Scattered residential.......... 13 miles 14 miles | 3 miles 3 miles 


29. In mercantile districts a limiting feature will also be the 
amount of apparatus which should respond to first alarms, 
because it is considered that the number of engines necessary 
to respond on first alarms should be within a mile of the 
center of the district in the case of horse-drawn apparatus 
and within 114 miles of such center in case of motor apparatus. 

30. Frequently where departments have grown from volunteer 
to part-paid and then to full-paid, companies are still found in 
the old volunteer stations which were apt to be located without 
regard to the needs of the city as a whole, but more as neighbor- 
hood jealousies or local organizations dictated, so that in the 
business section of one large city companies are one-quarter of 
a mile apart and then there is a gap of one and one-half miles 
without protection. In such cases the National Board has often 
recommended relocating the existing companies. 

31. The topography of the ground is often a governing fea- 
ture. Where cities are fairly level, so that the lower yalue dis- 
tricts extend in three or four directions from the mercantile dis- 
tricts, a fairly even spacing of companies, as outlined at the 
beginning of this section, is feasible. On the other hand, where 
deep valleys intersect the closely built districts, or where the 
town is built along a steep side hill, companies must be located 
more irregularly and with a view to protecting all sections; the 
natural obstacles will frequently require companies to be appar- 
ently rather closely spaced, while, in fact, the running time 
between the districts covered may be much greater than is evi- 
dent on account of the round-about route to be traversed.’ The 
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city of Pittsburgh is a good example of this class as it is cut 
up by two river valleys, a number of deep ravines, steep bluffs 
and large railroad yards, so that as compared with other cities 
of similar size a much greater number of companies is necessary 
for the protection of the various districts. 


32. Chemical apparatus should be so distributed that at least 
two will answer all first alarms in high-value districts and one 
in other districts. Modern practice tends largely toward the 
substitution of combination chemical and hose wagons in place 
of separate chemical engines and plain hose wagons. With 
horse-drawn apparatus the combination machine is sometimes 
inadvisable, as the requisite amount of hose, men and other ap- 
pliances cannot always be carried on account of hills or poor 
streets, but with motor apparatus this is no longer a limiting 
feature and it has been found in practice that 1,200 ft. of hose, 
two chemical tanks and a full complement of men and tools can 
be readily carried by one automobile, so that with the introduc- 
tion of motor apparatus city departments are generally installing 
chemical tanks with every company. Motor apparatus has made 
it feasible also to give better ladder protection to outlying sec- 
tions not sufficiently built up to warrant the installation of a 
ladder company, as such machines can readily carry thirty-six 
feet of ladders, sufficient for work around the ordinary two and 
one-half story dwelling. It is found in practice that the number 
of ladder companies in proportion to hose companies will be, 
roughly, for the average city, between one to three and one to 
four, depending upon the topography, etc. 


EQUIPMENT OF PUBLIC DEPARTMENTS 


33. The equipment of modern fire departments includes: 
Steam fire engines, gasolene fire engines, chemical engines, fire 
. boats, hose wagons (with and without chemical tanks), ladder 
trucks (of several types), water towers, fuel wagons, auto- 
mobile apparatus, horses, hose (of three or four different sizes), 
ladders, portable chemical extinguishers, appliances for handling 
powerful streams, and a large list of minor appliances. 

34, The proper equipment for a given department is largely 
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dependent upon the topography of the city, the character of the 
buildings and condition of the water supply. Where the water- 
works system is so designed as to provide an ample supply of 
water at a minimum hydrant pressure during draft of seventy- 
five pounds or over the fire department can be kept upon a 
direct hydrant stream basis until buildings of over four stories 
begin to be numerous in the congested section. One or more 
engines in service or in reserve may be desirable to protect the 
higher buildings or those too far from the hydrants for effective 
hydrant streams; for cities of over 30,000 population it is advis- 
able to have about one-third the companies provided with en- 
gines, to furnish the more powerful streams. Frequently some 
of the residential sections will be at considerably higher- eleva- 
tions than business districts and companies in these locations 
must be equipped with fire engines. 

35. The ideal equipment for an engine company in a city able 
to afford it consists of two pieces, a pumping engine and a com- 
bined chemical engine and hose wagon, the latter ordinarily 
known as a combination wagon. A good arrangement in small 
or medium sized cities is to have about half the companies 
equipped as above, which will furnish adequate chemical service, 
and the other half equipped with combined pumping engine and 
hose wagon. This latter piece of apparatus must, of course, be 
so manipulated at a fire that after the one or two hose lines 
needed are stretched from the hydrant to the burning -building, 
the engine will reach the hydrant and connect’ its suction as 
quickly as possible; there will naturally be somewhat more delay 
than if a separate engine and hose wagon are provided, but this 
delay should not be more than two or three minutes in most 
cases, even when two lines of hose are laid, as shown by tests 
of a crew trained to the work. 

36. The triple combination, as it is usually called, consists of 
a combination of pumping engine, chemical tank, and hose body. 
This machine has, in recent years, come into use to a large extent 
in small and medium sized cities and residential districts of large 
cities. It is especially valuable in the many localities where the 
pump is seldom needed, as, for instance, in cities where the 
water pressure is sufficient, in most sections or under most 
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conditions, for effective direct hydrant streams, but where there 
are occasional high elevations or weak spots in the water dis- 
tribution system and the ordinary hydrant pressure is inade- 
quate; it will also take the place of a reserve engine for use at 
serious fires in high-value districts. For general installation in 
congested districts, this type of apparatus is not the most de- 
sirable, for the obvious reasons that its use in furnishing chem- 
ical service precludes its pumping from a hydrant or other 
source of water supply, without considerable delay at what is 
likely to be a critical moment; and because too much equipment 
is carried on one set of wheels and would be lost in service 
in case of disablement. This feature is so important that the 
National Board recommends in all cases that not less than 
two hose companies be sent to every alarm. 


37. FIRE ENGINES—Whenever the hydrant pressure is 
too low for direct streams, or in localities at higher eleva- 
tions, fire engines become necessary. Especially in small 
cities where the water works are of limited capacity, fire 
engines are necessary for fires that have got under headway 
before the department can get to work, in order to save ad- 
joining buildings. As indicating the need of intelligent over- 
sight of the operation of fire engines and of regular and 
systematic tests, investigation has shown that where such 
tests are not made, even in well managed departments, de- 
fects often exist which may continue unsuspected for con- 
siderable periods and they become manifest under the stress 
of a large fire, where the engine is called upon to deliver its 
full capacity under suitable working pressures. Furthermore, 
regular tests are a most valuable drill for engine crews, for 
in only a few departments do they receive sufficient training 
in operating engines to capacity. The breakdown of an en- 
gine at a fire or the inability of the crew to operate it to 
capacity may be the direct cause of confusion and the need- 


less loss of property and perhaps of life, to the discredit of 
the department. 


38. STEAM FIRE ENGINES. The steam fire engine is 
now almost obsolete and where still maintained it is being 
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superseded by the motor pumper as rapidly as funds can’ be 
obtained. The first use of the gasoline engines in fire service 
was in connection with small hand-drawn equipment of only 
a few hundred gallons capacity. These were extensively 
used in farming districts and small villages and are still 
found in many of these sections. With the full development 
of the touring car type of automobile one or two manufac- 
turers conceived the idea of installing a pump on the standard 
chassis and using the motor of the automobile to operate the 
pump for fire service. The first machines were crude and 
inefficient but improvements developed rapidly and in 1913, 
ina 12-hour endurance test at the annual convention of the 
International Association of Fire Engineers, it was demons- 
trated that, with proper design and good workmanship, the 
motor pump far exceeded the steam fire engine in its ability 
to maintain a constant discharge for long periods of time. 
The operation of motor pumpers continuously for several 
days has been a fairly frequent occurence at fires in recent 
years. Several manufacturers, dealing exclusively in fire ap- 
paratus, have developed the motor pumper to a high degree 
of efficiency and to capacities up to 1,500 gallons a minute. 
In recent years many manufacturers of commercial trucks 
of recognized quality have adapted their apparatus to fire 
service by installing a pump and hose body on their standard 
2-ton or heavier trucks. In general, these adapted or as- 
sembled pieces of apparatus are of relatively small capacity 
ranging from 250 to 600 gallons. This is because of the use of 
motors of less horse power, usually with only 4 cylinders, 
than has been the case with the manufacturers who are build- 
ing only fire apparatus. In the earlier machines and in most 
of those of a 1,000 and 1,500 gallons capacity, the motor had 
cylinders of large bore and long stroke and the revolutions 
per minute were limited to a piston travel of about 1,000 feet 
per minute. Recent development of automobile motors has 
been toward much higher speed and most of the apparatus 
composed of commercial chassis and pump has been provided 
with motors which can be operated safely at or around 1,800 
revolutions a minute with 1,500 to 1,600 feet per minute 
piston travel. 
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39. PUMPS—In regard to the pump, for all except village 
service, two good fire streams should be available under ordi- 
nary working conditions, which, with the modern use of hose 
with smooth lining and nozzles of good size and discharging 
capacity, means an actual delivery of 500 to 600 gallons. 
With all pumping apparatus the slip may be expected to in- 
crease with use and other conditions will tend to reduce the 
capacity of the pump, so that a capacity of 700 gallons is not 
too much for most cases and for metropolitan service even 
larger capacity may be desirable. City service at serious fires 
when the maximum ‘engine capacity is needed will most often 
call for such lengths of hose lines and sizes of nozzles as to 
require an engine pressure of 120 to 150 pounds, with pres- 
sure up to about 200 pounds for fires in high buildings or for 
suburban service. 


40. RECIPROCATING PUMPS usually require a more 
complicated power transmission system than the others, as 
generally two or more pump speeds must be provided for. 
This type of pump is, however, reliable, and easily kept in 
good condition if given competent attention. In order to 
overcome transmission troubles, one type of reciprocating 
pump has been developed which has two or more cylinders 
with transmission so geared that for large capacity all the 
plungers will be operated at moderate pressures, and for 
high pressures the entire power of the motor may be diverted 
to one plunger, giving high pressure with less discharge. 


41. ROTARY PUMPS, because of their compactness and 
the simplicity with which power may be transmitted at vari- 
ous speeds, are well adapted to this service. Some of the 
early makes were unable to develop high pressures; these 
have been generally superseded. Some makes are not well 
designed for efficiency, and under test show much loss of 
power from high slip and poor transmission. 


42. MULTI-STAGE CENTRIFUGAL PUMPS have been 
considerably improved in recent years for fire engine service; 
although somewhat heavier and more expensive than rotary 
pumps, their ability to stand hard usage and their property 
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of automatically regulating discharge and pressure are fea- 
tures tending to make them a desirable type for fire service; 
they are especially adapted for use with high speed gasolene 
motors. 


43. With any type of pump, the requirements desirable for 
fire service are flexibility of operation, that is, ability to 
operate over a wide range of pressure, and the power required 
for good fire fighting; the National Board has recommended, 
and some of the leading fire departments have adopted, the 
following specifications for motor pumping engines: 


44. The engine to be able to deliver 700 gallons per minute (or what- 
ever its rated capacity may be) at 120 pounds net pump pressure, 50 per 
cent. of its rated capacity at 200 pounds net pump pressure, and 33 per 
cent. of its rated capacity at 250 pounds net pump pressure, with a suction 
of at least 1o feet. The length of hose lines and sizes of nozzles to be 
such that above results will be obtained at test; the full capacity test to 
be of two hours duration and other tests of not less than one half hour 
duration each. 


45. FIRE BOATS are used by many cities having valuable 
water front property, which is often difficult of access except 
from the water side. They are essentially large tug-boats, 
equipped with fire pumps of 3,000 to 12,000 gallons nominal 
capacity and with larger boilers than would ordinarily be in- 
stalled in tugs of like tonnage. The older boats have vertical 
reciprocating pumps of similar design to land steam fire en- 
gines; recent boats are fitted with centrifugal pumps direct 
connected to steam turbines. 


46. Boats should be of light draft for harbor work and the 
larger sizes should be equipped with twin screws for quick 
turning. Boats of recent construction have steel hulls and 
steel deck houses; plank-covered decks are preferable to metal, 
as steel decks are slippery. There should be steam or electric 
steering gear and electric light plant, with searchlights. 
The boat is usually about 110 ft. long, 25-ft. beam, and _tIo-ft. 
draft. There should be connections for 3%-in. hose con- 
veniently arranged forward and on each side, brackets or 
sockets for rail pipes (of self-holding type), and boxes or 


ye ak. 
288 Handbook of Fire Protection 


reels for the hose; a few boats have telescopic masts with 
elevated nozzle. In some of the later boats, propulsion is 
obtained by electric motors, using current from. generators 
which can be operated from the steam turbines for the centri- 
fugal pumps. For river work or operation in tideways, it 
may be advisable to provide spuds which can be lowered to 
hold the boat in position. 

47. The following are examples of well designed boats, in- 
stalled in recent years: 


48. Fire boat “David Campbell,” Portland, Ore., installed in 1913, 242 
gross tons, steel hull, length 125 ft., beam 253 ft., draft 8 ft. 7 in. Two 
Ballin water-tube boilers, each 1,400 h.p., oil burning; engines, non-com- 
densing, 14 in. by 20 in., to twin screws. Speed, 16 miles per hour. 
Four 10-in pumps, two-stage centrifugal in two double units, each driven 
by a 600 h.p. Curtis steam turbine; rated capacity 9,000 gallons per 
minute at 1,800 revolutions; under test these pumps delivered 9,550 gallons 
per minute at 144 pounds net water pressure and 4,220 gallons per 
minute at 320 Ibs. water pressure. Ten-inch turrets fore and aft; 
turret on telescopic tower raising: to 37 ft.; 4 four-in turrets each 
side. This boat carries 2,000 ft. of 2}-in. 400 ft. of 14-in., and 300 ft. of 
chemical hose; four ladders, 13 to 26 ft. long, and two 8o-gallon chemical 
tanks. 34-in. hose and extra 2j}-in. hose is carried on a boat tender 
wagon. The boat cost about $120,000. The crew is 21 men, including 
a master, pilot, 3 engineers, 3 stokers, captain, 2 lieutenants, and 10 
hosemen. The least number on duty is 10 by day and 15 at night. 

49. At New York City, the Fire Boat ‘‘William J. Gaynor’? was put 
in service in 1914. Steel hull; gross tonnage 270; length 118 ft.; beam 
25 ft.; draft 13 ft. 4 in. Double, compound inverted engine, 17x36x25 
stroke; two Babcock & Wilcox water tube boilers 950 h.p.; hard coal 
burning. Steam steering gear; speed, 12 miles per hour. Two turbine 
pumps; total rated capacity at 1,800 revolutions, 7,000 gallons per minute 
at 175 pounds water pressure; under test they delivered 7,250 gallons per 
minute at 181 pounds water pressure. The boat cost $119,000. The crew 
is 34 men, including a captain, 2 lieutenants, 7 engineers, 2 pilots, rg 
privates, and 7 stokers. Payroll for the year 1917, $50,220. 

50. At Jacksonville, Florida, a wooden submarine chaser was purchased 
from the Government and fitted up as a fireboat in 1922. Length of 
hull r1o feet; breadth 14 feet; depth 8 feet; draft, 7 feét; displacement 
110 tons; two 220 horse-power 6-cylinder air-starting and_ reversing 
“Standard” motors each driving a 48-inch diameter by 42-inch pitch 
three-blade propeller. Pumping equipment consists of 4 three-stage 8-inch 
centrifugal pumps, speed 1500 R. P. M., capacity 1750 gallons per minute, 
connected directly to 300 horse-power 8-cylinder Sterling engines. Boat 
is not designed for sleeping quarters. Two hose boxes contain each 
1,000 feet of hose. 


51. CHEMICAL EQUIPMENT. The chemical tanks are 
filled with a solution of bicarbonate of soda (baking soda or 
salerattts) in water. A bottle of sulphuric acid is suspended 
in a cage in the tank, so that overturning the bottle or loosen- 
ing the stopper will release the acid, forming carbonic acid 
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gas, which forces the contents of the tank out through the 
attached hose. The proportions of acid and soda are such 
that the acid is completely neutralized and. little or no dam- 
age results to fabrics which may be wetted by the mixture. 
The carbonic acid gas, being a fire-killer, adds somewhat to 
the extinguishing power, especially in any confined space. 

52. There are four types of chemical apparatus in use: 
the Babcock, Champion, Holloway, and Kanawha. In the 
Champion the acid is dumped by revolving the tank; the 
Babcock is an improved Champion with paddles for stirring 
the mixture; the Holloway has a fixed tank with the acid 
bottle in dome at the top and means for tipping the bottle. 
The Kanawha is radically different; no acid is used but an 
extra tank of compressed air is carried to furnish power for 
expelling the liquid which may be a soda solution or’ any 
other containing a fire-deterring gas; in this type little gas 
is evolved and an air compressor must be provided at the 
station for recharging. For discharging, chemical tanks are 
fitted with 200 to 300 ft. of 34- or I-in. hose; in straight chem- 
icals this is usually on a reel, and on combinations in a metal 
“ basket.” 

53. With a development of automobile apparatus another 
variation of this idea has come into use. A small rotary or 
centrifugal pump of 50 to 200 gallons capacity is connected 
to the motor, and a plain water tank of 40 to 50 gallons 
capacity is used in place of the chemical tank. On approach-: 
ing the fire, if the 24%-in. hose can be laid from the hydrant 
in the usual manner it will be connected to the suction of the 
booster pump. Meanwhile, until this connection is ready, 
the pump takes suction from the tank, discharging through 
the chemical hose, which can be handled by one man. Thus, 
in a call or volunteer department, two men can get a small 
stream on the fire until the arrival of additional help, while 
at the same time the large hose is paid out and ready for 
quick use. 


54, LADDER TRUCKS—tThere are four general types of 


ladder trucks in use by fire departments: “ Aérial,’ “plain 
tiller” or “city,” “service,” and “village.” Any of these 
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may be fitted with a chemical tank, making a “ combination 
truck.” ; 


55. Aérial ladders are of two classes: Hand-raising or 
quick-raising, referring to the main ladder, which is secured 
to a revolving turntable at the front of the truck. Few of 
the manually-raised aérials have been constructed in recent 
years and many have been converted to the quick-raising type. 
In these, all or part of the weight is balanced by springs or 
air pressure so that the heavy ladder may be elevated more 
rapidly by a small force; in some of the latest types the lad- 
der is raised by a spring or air hoist, and is lowered manually 
by reversing the operating mechanism, or by electric motor. 
Aérial ladders are regularly made in four sizes, from 55 to 
85 ft. A few have been constructed with extensions to I00 
ft. The National Board considers that at least one more 
man is required in companies having manually raised ladders 
than with quick-raising ladders. This makes the maintenance 
cost of the company with the quick-raising ladder appreciably 
less. ; 

56. The plain tiller trucks have become unpopular, as it is 
found a service truck can carry ladders up to 60 ft. and be- 
yond that the aérial ladder is easier of operation. The serv- 
ice truck is without tiller and is short-geared so as to turn 
corners readily. It is lighter than the long coupled tiller 
truck, carries practically the same equipment, and is a most 
useful apparatus. in any district where buildings of not over 
four stories are encountered. The longest ladder is usually 
from 45 to 60 ft. A typical ladder outfit for this truck would 
be a 55, 45 and 18-ft. extensions, 30, 25, 20 and 12-ft. straight 
ladders, a 12-ft. roof ladder, and two 12-ft. pompiers. 

57. For residential districts a combination service truck 
with 45 or 50-ft. extension ladder and 40-gallon chemical tank 
has been found most valuable. 

58. In some outlying sections, where only one company 
may be located, a combination truck and hose wagon, con- 
sisting of service truck with 40-ft. extension, 35-gallon chem- 
ical tank, and hose box for 600 to 800 ft. of 2%-in. hose is 
sometimes installed. With motor apparatus, this type will 
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likely prove valuable in many residential districts now at 
considerable distance from a ladder company. 

59. The village type of truck is confined mainly to small 
volunteer departments, where apparatus is hand-drawn or 
only one horse is provided. It is practically a skeleton serv- 
ice truck with few ladders and little space for minor equip- 
ment; such trucks seldom carry over a 40-ft. extension 
ladder. F 

60. The equipment carried on ladder trucks in various cities 
includes: Axes, bale hooks, brooms, buckets, burst hose jack- 
ets, cellar pipes, chemical charges, crowbars, claw tool, del- 
uge sets, door opener, fire escape, forcible entry tools, forks, 
gas keys, hand pumps, hose, hose-roller; hose straps, hose 
shut-off, ladder pipe, lanterns, life net, life belts, lock breakers, 
marine torches, mauls, megaphone, open, shut-off and distrib- 
uting nozzles, nozzle holders, picks, plaster hooks, ram and 
wall cutter, ropes, rope gun, roof cutters, siamese couplings, 
“Y” couplings, signal flags, sledges, shovels, spare poles, 
eveners and whiffletrees, smoke masks, squeegees, surgical 
kits, wall hook and chain, wire cutters, rubber gloves, tar- 
paulins, tools, small saws and augers, and torches. No one 
truck may carry all of these and some of the tools are not 
essential, but all should have lanterns, chemical extinguishers, 
plaster hooks, axes, crowbars, door-openers, roof cutter, wire 
cutters, ropes, shovels, forks, brooms, surgical kit, life net, 
and. water-proof covers... Much other equipment, especially 
the cellar pipes, hose rollers, life guns, marine torches,-smoke 
helmets and deluge sets are frequently valuable in closely 
built sections. 


61. TRACTORS FOR HORSE-DRAWN EQUIPMENT. 
The obvious advantage of automobile apparatus over horse- 
drawn was such that as soon as atttomobiles became suffi- 
ciently dependable various schemes were adopted for chang- 
ing over existing equipment so as to make it motor propelled. 
The first general scheme was by the use of tractors. The 
tractor problem is about the same whether applied to an 
engine, ladder truck, or other piece of apparatus. The most 
common arrangement is a two-wheel device, either driven 
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directly from a gasolene engine or with each wheel equipped 
with a separate electric motor supplied with current from stor- 
age batteries, or from a generator driven by a gasolene en- 
gine. Some tractors have one or two steering wheels in 
addition to the driving wheels. The single steering wheel 
has not worked out in practice. It is difficult to keep the 
third wheel in line, especially where unpaved streets and 
rutty roads must be traversed. 

62. Most of the earlier automobile fire apparatus was fitted 
with pneumatic tires of the touring car type but solid or 
cushion tires were soon found to be preferable from the 
standpoint of safety and economy. Then followed the de- 
velopment of the truck type of pneumatic tires which most 
chiefs at present consider reliable and economical because 
they reduced to a minimum the vibration of apparatus and 
the consequent breakage of parts. Solid tires on cushion 
wheels designed especially to reduce the vibration are fav- 
ored by some fire departments. For the rear wheels of the 
heavy pieces of apparatus, dual tires are used extensively to 
prevent skidding and to secure greater traction and bearing 
surface. While the dual tire reduces skidding somewhat, this 
may be overcome by proper tire construction or the use of 
anti-skid devices or both. For economy and long wear, it is 
probable that a large single tire will be found most satis- 
factory. 


63. APPLIANCES FOR HANDLING POWERFUL 
STREAMS—These include water towers, turrets, ground 
pipes, deluge sets, and siamese connections. 

64. Water towers are elevated turrets for discharging 
streams into the’ upper stories of buildings. They are usually 
arranged with a heavy mast on.a revolving turntable, similar 
to.an aérial truck. The mast elevates 30 to 4o ft., a sliding 
extension rising to 55 to 65 ft. The two leading types are 
the Hale (now called the American-LaFrance) and the Cham- 
pion. The Hale tower is pivoted over the front of the truck 
with the nozzle projecting at the rear; the Champion tower 
is arranged in reverse position with the nozzle forward. The 
Hale tower is usually raised by water or chemical pressure 
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and the Champion tower by hand; later towers of American- 
LaFrance make are spring-raised. The extension tip is ex- 
tended by hand. A few towers of other makes have been 
placed in service, some with hydraulically raised telescopic 
towers up to 75 ft.; these are slow of operation and difficult 
to control. Towers have a working deck about five feét 
above ground, often with one or two turret nozzles; inlets 
are provided at each side and rear so that water may be 
directed to tower or turret as desired. Towers are needed 
in cities having a number of buildings six stories or over in 
height. In most cases the towers are kept in resetve at a 
centrally located station; or only horses and a driver are 
provided to take them to alarms, laddermen being detailed 
to handle them, if needed. — a . 

65. Recent installations of water towers are of the automo- 
bile type, usually with front tractors or with storage batteries 
and motor drive for each wheel. Some horse-drawn towers 
have been rebuilt for motor drive. As this class of apparatus 
usually attends a limited number of alarms with short runs, 
the saving in maintenance over horse-drawn towers is ap- 
preciable. The National Board has recommended that water 
towers be provided in high-value districts having 10 buildings 
of 6 stories and higher; a tower to be located within 1% 
miles of every such building. 

66. Turret nozzles are usually mounted on hose wagons; 
occasionally a hose wagon in. reserve is fitted with a turret, 
filled with 3-in. hose and stationed in the mercantile, district, 
for serious fires. Some cities have turrets mounted on 2- 
wheel trucks or on small 2-wheel platforms so that they may 
be drawn: behind wagons or ladder trucks; these may be 
easily handled in narrow alleys where wagons cannot readily 
drive, while at the same time leaving the- wagons free to 
move about. At least one turrent pipe to every fourth wagon 
is necessary and more are desirable. : 

67. Ground pipes are small turrets arranged to stand with 
out holding. Ladder pipes are pipes similar to small turret 
pipes, more’ or less permanently secured to the base section 


ofan extension ladder, usually an aérial ladder, and so ar- 
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ranged that the streams may be directed into upper floors of 
buildings. There are numerous varieties of these; some ar- 
ranged to be operated from the ground or the drivers’ seat 
and through a considerable arc in each direction. For some 
of these, single lines of large hose are used, and for others, 
two lines of 214-in. hose siamesed. 

68. Deluge sets are short lengths of larger hose (usually 
about 14 ft. of 3%4-in.) with large nozzles and tips, 2- to 4- 
way siamese, and rods or small platforms for steadying the 
nozzle. They may be used in places inaccessible to a wagon 
turret and are more easily shifted. As a means of concen- 
trating the output of one large or two small engines into a 
powerful stream they are of great value. 

69, Siamese connections are usually carried by hose wagons 
where long lines must be laid, especially from hydrants. By 
laying two lines and siamesing at the last 50 ft. about three 
fourths of the friction loss is eliminated. By the use of 3-in. 
hose and siamese the expense of fire engines may be saved 
by cities having only moderate hydrant pressures. 


70. FIRE DEPARTMENT RESCUE WORK-—In recent 
years, following the example set by New York City, several 
of the larger cities have installed one or more rescue squads, 
consisting of a company of specially trained men provided 
with an automobile carrying a full assortment of smoke hel- 
mets, lung motors, oxygen tanks, forcible entry tools and 
various other emergency equipment. The men and apparatus 
are usually assigned to respond to second alarm fires, but are 
depended upon mainly for special calls and are used exten- 
sively for other than fire department work. The records 
show that they have been the agency through which numer- 
ous persons, overcome by gas or who have drowned, have 
been resuscitated. These resctte squads are of particular 
value in getting at smoky fires in confined spaces where fire- 
men with ordinary equipment could not penetrate. 


71. SALVAGE WORK-—In many of the larger cities an 
efficient corps of men is maintained by the fire underwriters, 
who render service at fires in preventing water damage. 
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These corps are provided with one or more automobile 
wagons especially designed to carry covers and various ap- 
pliances for cleaning up after fires and for the removal of 
water. The covers usually are 12 feet by 18 feet and consist 
of cotton duck of about 8 ounce per yard weight, variously 
treated with a paraffin compound or a linseed oil compound 
or coated with rubber. The present tendency is for ladder 
companies, and in some cases hose or engine companies, of 
the municipal fire department to be equipped with from one 
to four covers. This permits the excess apparatus and men 
responding to a fire, particularly in residential districts and 
where the fire is small, to render some salvage work by 
covering material on the floors below the fire. 


72. HOSE AND COUPLINGS—Standard fire department 
hose is 2% ins. inside diameter and is sold in 50-ft. lengths. 
Formerly all departments used rubber hose, composed of a 
rubber lining, backed by three to five plies or thicknesses of 
cotton duck and covered with a thin layer of rubber com- 
pound; this type of hose is still much used in large cities, 
where busy companies have no time to dry hose thoroughly 
and in the few departments that still use hose reels. The 
great majority of departments now use cotton rubber-lined 
hose. This consists of a rubber lining with one, two, or 
three cotton-fabric jackets drawn over it, the rubber being 
cemented to the innermost jacket. In both types of hose the 
rubber lining acts simply as water-proofing, the cotton duck 
or the fabric taking the strain of the water pressure and re- 
sisting the wear of dragging over copbles, rough ground, 
and broken glass. The cotton-jacket hose must be dried 
after using, to prevent mildew and rot; when properly cared 
for the lining should last for about seven years, unless the 
jacket is cut or worn through, 

73. Formerly the best grade of rubber, new Para, was used 
in making the rubber linings of hose but when the growth of 
the automobile industry created a great demand for rubber, 
at higher prices, methods were invented for utilizing inferior 
grades and for reworking old rubber. An extensive series 
of tests and analyses, conducted by the Underwriters’ Labora- 
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tories, revealed the fact that much hose was being constructed 
of inferior mat*rials, some linings containing only reworked 
rubber and little of that. Then the Laboratories, in collabo- 
ration with experienced hose makers and chemists, drew up 
specifications for fire hose, thus giving the purchaser a stand- 
ard whereby he may be certain of securing reliable hose. A 
label service was also instituted, similar to that for other fire 
protective appliances, which assures the purchaser of labeled 
hose that it has been constructed under the supervision of the 
Underwriters’ Laboratories, and in strict accordance with 
their specifications, The purchase of hose on specifications 
instead of by trademark or brand has become common. For 
the great quantities of hose used in the Army camps and 
Government shipyards, only labeled hose was purchased. 

74, The 2%-in. hose is best adapted for regular use, but if 
long lines are laid or large streams required the 3-in. size is 
better. With a standard 1%-in. fire stream flowing the fric- 
tion loss in good 2%-in. hose is fifteen pounds per roo ft. 
Thus, with 800 ft. of 2%-in. hose 120 pounds’ pressure is 
needed to overcome friction and forty-five for the nozzle 
pressure, so the engine must work at 165 to 170 pounds. If 
hose is attached to a hydrant, the pressure is limited prob- 
ably to eighty or ninety pounds and larger hose or more lines, 
slamesed, must be used to produce a stiff stream. Three- 
inch hose will convey the same quantity of water over two 
and one-half times as far as 2%-in. hose, with the same fric- 
tion loss; for a standard 1%-in. stream with Soo ft. of 3-in. 
hose only ninety-four pounds’ pressure will be needed at the 
engine or hydrant. By laying two lines and siamesing into 
one near the nozzle, the friction loss may be still further 
reduced, or about one fourth the loss with a single line. In 
other terms, 108 pounds engine pressure will push a 250- 
gallon 1%-in. stream through 400 ft. of 2%-in. hose, or 1,000 
ft. of 3-in. hose, or 1,500 ft. of 2%-in. hose siamesed. Three- 
inch hose is heavy and stiff and not adapted for ordinary use 
in buildings or on ladders, so the recent practice is to ar- 
range the hose in wagons in two sections so that the 200 to 
300 ft, first drawn off shall be 3-in. and the rest, which may 
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have to be moved about, shall be 2%-in. The National 
Board has made the following recommendations: that each 
hose wagon shall carry at least 200 ft: of 3-in. hose for’ out- 
side leads. For high-value districts, that eventually each 
wagon shall carry equal amounts of 2% and 3-in. hose, in two - 
sections. | 

75. A complete extra shift of hose should be provided for 
each company so that after a fire dry hose may be placed in 
the wagon and the wet hose hung up to dry. In case hose is 
burned or otherwise destroyed, or for large fires where wagons 
must come back to reload, the reserve hose is also needed. 
Investigation shows that the average hose lines in city fire 
department practice are somewhat over 400 ft. in length; 
therefore, to provide two average lines each wagon should 
carry about 1,000 ft. of hose. For wagons accompanying 
large engines able to pump over 800 gallons, or for outlying 
districts where long lines are common, 1,200 to 1,400 ft. are 
better, making three ordinary lines or one long line for 
places at a distance from hydrants. Hose if not used should 
be shifted on the wagon at least every two weeks, to prevent 
wildew and cracking of the lining. 

76. For drying hose, racks, shelves, or towers are neces- 
sary. Some cities have one central hose station where all 
wet or damaged hose is cared for by detailed men and little 
or no spare hose is kept at fire stations, but this method is 

bad for outlying companies, as the wagons must leave their 
districts in order to shift hose. The best and most con- 
venient arrangement for drying hose is the slanting rack 
room, built at side or end of station, as hose laid on racks 

is not strained and stretched. The front or lower door’ is at 

a convenient height for loading into wagons, the floor slopes 
upward to the second story at the rear and is covered with 

| sheet metal for easy washing. A door at the back provides 
’ easy access. On one or both sides of the room are slatted 
, or cross-barred racks or shelves for drying the hose after 
it is washed. In large cities space is at a premium and the 
additional lot width for a rack often cannot be obtained, so 
hose towers are used; these are generally high enough so 
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that a so-ft. length of hose when suspended by the coupling 
lugs will swing clear of the apparatus floor. 

77. In cold climates hose towers are provided with steam 
coils or a heater, known as a salamander, to thaw and quickly 
dry frozen hose. In some old stations narrow shelves are 
placed in the cellar or apparatus room for the spare hose. 
This is not so bad for rubber hose but does not work well 
with cotton-jacketed hose, as the air cannot get at all parts 
of the jacket and it mildews. Some hose towers are so short 
that the hose must be hung doubled, either on a rope or 
over a grooved saddle; this is bad for the linings. Hose in 
towers should be hung with male end up; this avoids jamming 
the female swivel and bruising the male thread. 

78. Hose couplings in use are of many different types and 
sizes; screw threads are mainly used; numerous varieties of 
snaps, locks, and clutches also in use are being gradually 
superseded by screw couplings. To secure uniformity inter- 
ested organizations have combined to urge the use of the 
National Standard’ screw couplings of seven and one-half 
threads per inch and 3 I-16 ins. for outside diameter of male 
thread. At the great Chicago fire it was discovered that the 
diversity of couplings was a great hindrance to utilizing aid 
from neighboring cities and subsequent conflagrations have 
emphasized that discovery. The International Association of 
Fire Engineers early adopted the National Standard coupling, 
which will fit most hose and hydrants, and to which many of 
the odd sizes can be readily adapted. 

79. A committee of the National Fire Protection Associa- 
tion was actively engaged from 1905 to 1917 in fostering the 
movement for standardization, but in the latter year this work 
was, by mutual agreement, taken over by the National Board 
of Fire Underwriters. A set of tools has been developed 
whereby couplings, which are not too far different in diam- 
eter or number of threads from the standard, can be converted 
into standard couplings. This process is now actively under- 
way in I5 states under the guidance of fire marshals depart- 
ments, fire chiefs associations and underwriting organizations. 
In the past two years more than 500 cities and towns have 
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been standardized and indications are that progress in this 
direction should be rapid from this time on. 

80. Where 2% and 3-in. hose are in use it has been found 
a great convenience to equip the 3-in. hose with 2%-in. 
couplings, in order to eliminate delays from mislaid reducers, 
and varying couplings. Contrary to general impression the 
use of smaller couplings does not appreciably affect the fric- 
tion loss, so that for ordinary fire streams the difference in 
pressures from straight 3-in. hose or 3-in. hose with 2%4-in. 
couplings is not noticeable. Therefore the National Board 
has recommended that both 2% and 3-in. hose be equipped 
with 2%-in. National Standard couplings, properly beveled. 


SEPARATE HIGH PRESSURE FIRE 
MAIN SYSTEMS 


81. The high conflagration hazard in American cities, the 
great values involved and the effects of a conflagration on 
business and civic growth have been advanced as arguments 
in favor of providing the most effective known means of 
checking large fires. All that is required under existing weak 
building conditions in most cities is the right combination 
of circumstances to make a fire too large for the fire depart- 
ment to handle. It is in realization of such conditions that 
the larger American cities, and some of the smaller ones, 
where the expense of sufficiently improving the domestic 
water supply system is high, are installing separate systems 
of water mains for special high pressure fire service. The 
advantages of such a system may be summed up as follows: 

82. A large number of powerful streams can be concen- 
trated on a fire in much shorter time and with fewer men and 
less apparatus than with fire engines, and at the same time the 
protection of the rest of the city would not be weakened to 
the extent now necessary on third and fourth alarms from 
the district covered by the system. It will deliver its full 
capacity at any point in the district covered and at any de- 
sired pressure, and can sustain this pressure as long as 
wanted. It eliminates the confusion entailed in the operation 

of a large number of fire engines, tends to prevent the mis- 
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understanding of orders and in every way simplifies opera-- 
tion. Above all it provides protection to the congested-value 
district even with a general alarm fire under headway in 
another part of the city and is the greatest insurance against 
conflagration, forming an effective barrier against fires start- 
ing outside the district and affording the most efficient check 
to fires in the district which might otherwise involve a num- 
ber of large blocks. The tendency in all modern fire depart- 
ments is to use large, penetrating streams, as these alone are 
effective on a fire well under way in the ordinary large-area 
building filled with combustible stock. Each large stream 
requires, under the most favorable circumstances, one first 
size or larger engine or two smaller ones, working up to full 
capacity, while one hydrant on the high pressure system 
can supply four or five such streams. 

83. It is possible in some cities favorably located to obtain 
supply for such a system by gravity from some source sufh- 
ciently high to give 125 to 150 pounds’ pressure, which with 
large mains to reduce friction loss will give an effective sys- 
tem. Other cities are obtaining partial service from lines of 
pipe laid from the waterfront and fed by fire boats; this has 
such serious disadvantages that most of these cities aré 
contemplating the erection of a pumping station when money 
is available. 

84, The system in the Borough of Manhattan, New York 
City, is the largest now in use. The main features are a 
gridironed system of underground pipes, 12 to 24 ins. in 
diameter, to which are connected two pumping stations 
taking water from the city mains and delivering into the 
high pressure system at pressures of 125 to 300 pounds, Each 
station is equipped with five centrifugal pumps, driven by 
direct-connected induction motors. Each pump was guaran- 
teed to deliver 3,000 gallons of water per minute at 300 
pounds’ pressure and at the acceptance tests did deliver an 
average of 3,600 gallons per minute, a total of 36,000 gallons 
for both stations. The delivery is proportionately greater 
at lower pressures and reaches a total of about 50,000 gallons 
per minute at 200 pounds’ pressure. Fresh water is used, as 
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it causes less damage to stock in buildings than salt water, 

and also because it has less effect on the pipe of the system; 

however, the stations are located close to tide water and all 
necessary connections are made for the use of salt water in 
emergency. The precautions taken to insure the integrity 
of the pumping stations and the reliability of operation in- 
clude: Pumping stations of fire-resistive construction through- 
out, protected against exposure fires and located outside the 
conflagration zone; power for operating the pumps supplied 
from five different power stations of the New York Edison 
Company, with duplicate sets of underground cables to each 
pumping station; duplicate mains from the pumping stations 
to the gridiron system, and automatic relief and pressure-regu- 
lating valves at each station. Pressure is not kept up at all 
times; when a fire alarm comes in from the district covered 
by the system the pumps are started and the pressure raised 
to 125 pounds. This takes less than one minute, so that the 
water is always ready before the fire department can lay a 
line of hose and connect to a hydrant. 

85. Large post hydrants, to which four or five lines of hose 
may be attached, are the only connections through which 
water may be drawn from the system—there are no connec- 
tions inside buildings to break and bleed the system. Each 
hydrant is capable of supplying at high pressure as much 
water as five ordinary fire engines of the first size. 

86. A telephone system is provided, by means of which the 

officers in charge at a fire can communicate with the pump- 
ing stations from any location in the district covered. More 
pressure can be ordered at any time and is immediately avail- 
able. As many of the pumps are operated as are necessary 
to maintain the desired pressure and this pressure can be 
sustained for any length of time. 

87. The first sections of two double engine companies and 
the second sections of five now consist only of automobile 

hose wagons; otherwise all fire engines have been retained 
in service. They seldom attend fires in the high pressure 
district, however, as the fire engines do not report regularly 
to alarms. In case of any accident or unusual draft, causing 
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reduction of pressure, a special signal will be sent over the 
fire alarm system and the engines will report. 

88. The other high pressure systems in operation and in 
course of construction involve the same general features, dif- 
fering according to local conditions, in capacity, in type of 
pumps, in motive power, and in features of the distribution 
system. In addition to centrifugal pumps and electric motors, 
reciprocating pumps and steam, gas and oil engines are in 
successful use; details of the systems now in use are given 
in the accompanying table. The most common pipe is extra 
heavy bell and spigot cast-iron, but welded steel with special 
joints is used in Baltimore, and both flanged jointed and uni- 
versal jointed cast-iron in Philadelphia. The Baltimore sys- 
tem is provided with flush hydrants, with portable heads, 
each outlet of which has an independent pressure regulating 
valve. In some of the later systems mains on alternate 
streets are normally not connected, providing a “duplex” or 
double system covering the area protected; by this means 
protection can be maintained with a break in part of the 
system by using only the hydrants on the half of the system 
not affected. 

89. Practical experience has shown that the following re- 
quirements should be met in the design of a separate high 
pressure fire system to insure good fire protection in districts 
it is to cover: 

90. A fire-resistive pumping station, with all openings pro- 
tected in an approved manner and removed from the zone 
of sweeping conflagrations. Station to be equipped with suf- 
ficient pumping units of moderate capacity to aggregate a 
total capacity of 20,000 gallons per minute (10,000 to 15,000 
gallons in small cities) at 300 pounds pressure, taking suction 
from a reliable source and delivering into the gridiron system 
through well looped and gated discharge connections. 

_ 91. The distribution system to be connected with the pump- 
ing station through duplicate supply mains and to be so de- 
signed as to deliver the full capacity about any block within 
the area served without excessive loss of head; to contain 
no pipes less than 12 ins, in diameter, no dead ends and be 
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connected at all intersections. Connections to be provided 
to the system so that fire boats may be used as auxiliary 
pumping stations in case of emergencies, and system to be 
provided with gate valves so placed that not more than 500 
feet of pipe will have to be cut out at one time. 

92. Hydrants to be of ample dimensions, with four inde- 
pendently gated hose outlets and connected to the mains 
through 8-in. gated connections; to be so distributed that the 
average area served by each shall not exceed 40,000 square 
feet. 


MUNICIPAL FIRE ALARM SYSTEMS 


93. Wherever community or municipal service is relied 
upon for fire extinguishment there should logically be some 
prompt and reliable means for notification of the location 
of the fire. 

94, The primitive method of outcries from the discoverer 
of the fire or from a watch or police officer was succeeded by 
the ringing of a bell by a man stationed on a watch tower. 
In many small communities there are still hung on some 
corners locomotive tires which are struck a certain number 
of blows to indicate the location of the fire. This and the 
use of tower bells, whistles, and sirens, which can be arranged 
to sound a code signal, was the first step towards fire alarm 
service which would call firemen and apparatus directly to 
the scene of the fire. 

95. The next step was to eliminate the waste of time in 
going some distance to this sounding instrument, and was 
accomplished by using the telegraph circuit to transmit a 
code signal from one or several points to the sounding de- 
vice. This was the birth of the fire alarm telegraph system, 
and to the forefathers of the Gamewell Company is this ad- 
vance due. The accepted fire alarm system in this country 
is still based on telegraph code signals, but many features 
assuring reliability have been perfected in the years that have 
passed. 
- 96. It is not necessary to go into much detail as to the 
q various requirements of a modern fire alarm system as they 
are all covered by the Regulations of the National Board of 
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Fire Underwriters on Municipal Fire Alarm Systems, which 
can be obtained and read by any one interested. 

97. Some of the fundamentals are, in the order of the trans- 
mission of the alarm and not in the order of importance: 

1st.—Boxes shall be so spaced and located as to be readily 
and quickly reached by anyone. Few American cities have 
all the boxes they need, and it is believed that at a not far 
distant time there will be a box in plain view to anyone going 
outside the door of the building. 

2d.—Boxes must be so designed as to be reliable and posi- 
tive, so that every time a box is pulled for a fire it will give 
its proper code signal at the fire stations. This has been done 
with the use of the succession box and of special features at 
headquarters, but further advances may be expected in this 
line as the years pass. 

3d.—-Circuits shall be such that they will not be put out of 
service readily. During the severe sleet and wind storm 
of the winter of 1922 nearly all of New England was without 
fire alarm service for periods ranging from hours to weeks, 
due to fallen poles, trees, and other things breaking the over- 
head lines. For this reason all circuits should be in lead 
cable underground, and fire alarm wires kept away from any 
which carry current of such high amperage as to introduce 
possibility of burnouts. 

100, The municipal fire alarm system is primarily to fur- 
nish general protection to all buildings and, of course, must 
be in service during conflagrations or smaller fires. For that 
reason, it is unwise to run any of the circuits which serve 
street fire alarm boxes into buildings. Of course, they must 
enter fire stations and the headquarters building, but these 
should be of fire-resistive construction and the circuits so in- 
stalled that there is little possibility of interruption. For 
other buildings and plants, if a separate circuit cannot be run 
direct to fire alarm headquarters, the boxes should be installed 
just inside of the building with arrangements made that the 
part of the circuit going into the building can be cut out and 
the street system maintained. 

101. With the advent of the telephone and its very com- 
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mon use, this means of transmitting fire alarms became very 
general. In fact, some of the Western cities, notably, Kansas 
City, Missouri, and Wichita, Kansas, have depended entirely 
upon telephone fire alarm systems and have developed inter- 
departmental systems to a very high degree. There is no 
denying that the telephone, in many cases, is easier to reach 
by the person desiring to send in an alarm than would be a 
fire alarm box located a block away, and that the telephone 
gives an exact location of the fire, inasmuch as the person 
sending the alarm can tell, not only the street and house 
number, but also the position of the fire and its seriousness. 
In these respects, the telephone is all that is desirable, but 
there are other defects which outweigh the value of the tele- 
phone, most of which are outlined in the three requirements 
listed above. The sender of the alarm may be so excited 
as not to give the proper location or not to give it in an 
understandable manner or may not be able to speak English. 
There is a lack of accessibility of telephones at night and on 
Sundays and holidays in the high-value district, where the 
immediate sending of an alarm is essential. There is no as- 
surance of continuity of service as the equipment, circuits, and 
other parts of the system are not designed with the degree 
of strength and reliability that are necessary for fire alarm 
service. The possibility of strikes is also an element of con- 
siderable moment. These and other conditions make it un- 
wise to depend entirely upon telephones for fire alarm serv- 
ice. 

102. A fire alarm telegraph system is of particular value 
during conflagrations. At the time of any large fire, the tele- 
phone service breaks down entirely so far as the transmission 
of alarms is concerned. This is because there is no method 
by which persons desiring to transmit a fire alarm can make 
it known so that they receive service in advance of those 
making other inquiries. The telephone switchboard becomes 
a mass of lights due to the innumerable calls for service by 
persons wishing to communicate with friends or to get in- 
formation or to advise of additional fires. 

103. In recent years, the question has arisen as to the pos- 
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sible adaptation of radio or wireless signaling in connection 
with fire alarm service. With the early perfection of the 
radio telephone, various fire chiefs equipped their cars with 
receiving sets and tried that means of keeping in touch with 
fire alarm service during fires and during inspection work. 
Some manufacturers have experimented with boxes which 
could transmit radio signals which would be received at the 
fire station. Inasmuch as code signals consisting of taps or 
blows are considered as the best means of definitely receiving 
alarms of fire, it will be possible to design a radio system 
of a wave length such that there will be little chance of 
interference, but it is questionable whether the complications 
introduced and other features affecting reliability will not 
far outweigh any gain which may be apparent from the use 
of radio sending and receiving. There can be no doubt that 
radio signaling for fire alarm purposes will be made use of 
in connection with fires on boats and possibly in connection 
with fires in isolated sections, but as such it will be, as is 
the telephone. service at present, only an auxiliary to the 
fire alarm. telegraph system in transmitting and receiving 
alarms of fire. 


CHAPTER 26 
WATER SUPPLY FOR PRIVATE PROTECTION 


1. Hydrant, automatic and open sprinkler, and standpipe pro- 
tection depend for their efficiency on reliable water supplies of 
ample capacity and pressure. The first problem in laying out 
fire protection for a plant, therefore, is to secure a suitable water 
supply. : 

2. Before taking up details of the various kinds of supplies 
which may be available, there are certain general features which 
merit earnest consideration. 


FLOWING VS. STATIC PRESSURE. 

3. The only useful test of the value of a water supply is its 
ability to deliver the desired number of gallons per minute at 
an effective pressure. Static pressure means little. Small pipe 
systems, badly corroded pipes, or long dead end runs of fair size 
pipe of apparent value are at once shown deficient by a flowing 
test from an open hydrant butt. In one instance, an important 
car barn depended for hose protection on a city connection carry- 
ing a 70-lb. static pressure. Under open butt test, a gage gradu- 
ated by pounds would not register. In the case of a pretentious 
country estate, a 140-lb. static pressure dropped to 10 lbs. when 
270 gals. per minute were taken from the end hydrant on system. 

4. See section on “Method of Testing Water Supplies” for 
methods of determining the capacity of a water works system at 
various pressures. 


NECESSARY PRESSURES. 

5. The higher the pressure, the more effective are sprinklers 
and hose streams, except that very high pressures are difficult 
to handle safely and are likely to cause trouble with underground 
_mains. 

s = nai 3O9. 
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6. Fire pumps are generally set to operate at not over 125 lbs., 
and this pressure is sufficient for all but the highest buildings. 

7. Pressure tanks, placed usually on the top floor or the roof 
of sprinklered buildings, are generally under 75 lbs. initial pres- 
sure, which drops to 15 lbs. at the tank when all water is dis- 
charged. 

8. Gravity tank trestles in modern plants range from 75 ft. to 
150 ft. high, equal to 32.5 Ibs. to 65 Ibs. at the ground level when 
tank is empty, and about 10 Ibs. more when tank is full. 

9. Pressures in city water mains range from under 20 lbs. 
during the heavy draft periods in some cities to around 150 Ibs. 
in others. See Chapter 39, on Conflagration Hazard and Protec- 
tion, for pressures in larger cities. 

10. For automatic sprinklers, the primary or automatic supply 
should preferably exert a static pressure of not less than 25 Ibs. 
on the upper line of sprinklers, although with gravity tanks it is 
common practice to require a minimum elevation of the bottom 
of the tank of 25 ft. above the upper line of sprinklers, which, 
with the ordinary sizes of tanks, produces when tank is full from 
15 to 20 lbs. static pressure on the top line. 

11. The flowing pressure at the top line, with a flow of water 
sufficient to feed the number of sprinklers likely to be opened 
in a single fire, should not be less than 10 lbs. per sq. in. The 
rules call for 12 Ibs. static at the top line with 500 gallons 
flowing at a hydrant, where there are not over 200 heads in 
one fire area. 

12. For outside hose protection, any flowing pressure of less 
than 75 Ibs., if plant has buildings up to four stories high, can- 
not be considered good. 60 lbs. might answer with hydrants so 
laid out that hose lines need never exceed 150 ft. A 50 Ibs. 
flowing pressure has value with one- and two-story buildings. 

13. It is highly desirable always to bear in mind probable in- 
creases in size of plant, magnitude of fire areas, and the like- 
lihood that a growing plant will increase the height of its newer 
buildings. 


NECESSARY CAPACITIES. 


14. After ascertaining the necessary flowing pressure to af- 
ford efficient protection, the problem of the necessary available 
gallons per minute requires consideration. 


- 
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Automatic Sprinklers. 


15. The insurance requirements for capacity of water supply 
for automatic sprinklers vary greatly. Some insurance organi- 
zations take account of the number of sprinklers on one floor 
in a single fire section, but the area really has little or no bear- 
ing on the amount of water needed; other features are of far 
greater importance. For instance, character of construction, con- 
cealed spaces, floor openings, height of ceiling, pitch of roofs, 
and obstruction from timbers all have a bearing on the number 
of sprinklers likely to operate in case of fire. Occupancy hazards 
and combustibility of contents are of great importance; also pos- 
sibility of fire reaching the buildings from other property. 

16. All of these conditions should be taken into consideration 
in determining the necessary capacity for any water supply. 


‘Using the gravity tank as an example, a 10,000-gal. tank would 


be ample for a one-story brick, mill constructed machine shop 
even if of large area, while a relativeley small storehouse filled 
with bales of cotton might need several times as large a tank. 

17. When feeding sprinklers only, 10,000 gals. is generally con- 
sidered a minimum for a gravity tank, and 25,000 a maximum, 
and, in deciding as between these limits, the smaller tanks can 
be considered satisfactory when the conditions are such that only 
a few sprinklers (not over 10 or 15) are likely to operate, while 
the larger tanks are desirable if 15 to 25 or more sprinklers 
are likely to operate. When feeding sprinklers and hose, 
30,000 gals. is the minimum permitted by the rules. 

18. For pressure tanks the minimum capacity is 4,500 gals., 
i. e., 3,000 gals. of water. The larger sizes such as 6,000 and 
9,000-gal. tanks are frequently used, and here again the capacity 
should be determined in accordance with the conditions. 

19. When pumps are for sprinklers only, the size and volume 
of water required also depends on construction and occupancy, 
but as most pumps are used also for outside or inside hose, both 
their size and their water supply are considerably larger than 
would be needed for sprinklers alone. The smallest Under- 
writer’s pump is 500 gals. per minute, and with not less than 
30,000 gals. of water to draw from should be ample for most 
properties if used for sprinklers only. A standard hose stream 
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of 250 gals. per minute is the equivalent of from 15 to 20 
sprinklers. 

20. The insurance organization having jurisdiction should 
always be consulted as regards capacity of water supply, for 
as already mentioned rules and methods vary considerably in 
different jurisdictions. The automatic sprinkler rules cover- 
ing water supplies are as follows: 


SECTION 1—WATER SUPPLIES. 


61. Double Supply.—For a standard equipment two independent sup- 
plies are required. At least one should be automatic and one capable of 
furnishing water under heavy pressure. The choice of water supplies for 
each equipment should be determined by the Inspection Department having 
jurisdiction. 

62. Public Water (except high pressure systems; also applicable to 
private reservoir and standpipe systems).—One or more connections from 
a reliable public water system of good pressure and adequate capacity fur- 
nishes an ideal ‘primary supply.” A high static water pressure should 
not, however, be a criterion by which the efficiency of the supply is 
determined. The supply from city main should not be considered standard 
unless a hydrant test of the main capacity with 500 gallons per minute 
flowing indicates sufficient residual underground pressure to give at least 
12 pounds under the roof; this requirement of flow is the minimum for 
equipments having 200 heads or less in one fire area; larger areas will 
require additional flow in gallons per minute. 

Street mains should be of ample size, in no case smaller than 6 inches. 
Dead end mains should be avoided if possible by arranging main to be 
fed both ways. No pressure regulating valve should be used in water 
supply for sprinklers, except by special permission of Inspection Depart- 
ment having jurisdiction, and where meters are used they should be of 
a standard type. 

Where connections are made from public waterworks systems, it is 
often desirable to have double check valves. Only check valves of 
special design and standardized for this purpose should be used. 

See also Section E, Rule 26, page 541. (See also page 324.) 

Connections to public waterworks systems should, where feasible, be 
controlled by post indicator valves of a standard type and located not 
less than 4o feet from the buildings protected; or, if this cannot be 
done, placed where they will be readily accessible in case of fire and not 
liable to injury. See Rules 26, 27, 29, 31, 32, 92 and 103. Where post 
indicator valves cannot readily. be used, as in a city block, underground 
gates should conform to the above as far as possible and their locations 
and directions to open be plainly marked on the buildings. 

Connections for domestic or standpipe use over 2 inches in size should 
conform to the above 

All post indicator valves should be plainly marked with the service 
they control. 


63. Pumps.—A_ well-located fire pump is, under most conditions, the 
most satisfactory source of the ‘secondary supply,’ as with ample water 
supply it is capable of maintaining a high pressure over a long period 
of time. 

The capacity of the pumping plant, the kind of pump and its source 
of water supply, should be determined by conditions, and should be. the 
subject of special consideration in each case by the Inspection Department 
having jurisdiction. The capacity of pump should never be less than 500 
gallons per minute when it supplies sprinklers only, and not less than 
750 gallons when it supplies hydrants also. 


Water Supply for Private Protection 313 


For the construction, installation and maintenance of Steam, Rotary, 
Centrifugal and Gasoline Fire Pumps, see special pamphlets issued by the 
National Board of Fire Underwriters. 


64. Tanks.—Gravity.—The capacity and elevation should be determined 
by the Inspection Department having jurisdiction; but where a tank is 
also drawn upon for hose streams it should not be of less than 30,000 
gallons capacity, and should preferably be installed with the bottom not 
less than 75 feet above the yard level. In any case the bottom of’ the 
tank should be at least 20 feet above the highest sprinklers. 


Tanks.—Pressure.—Capacity of tank should be specified by the In- 
spection Department having jurisdiction, but should be not less than 
4,500 gallons total capacity, except By special permission, and tank 
should not be located below the upper story of building, and should be 
Tay as a supply to automatic sprinklers and hand hose only. (See page 
357. 

For the construction, installation and maintenance of Tanks and Sup- 
Ports, see special pamphlet issued by the National Board of Fire Under- 
writers. 


65. Penstocks or Flumes.—Where connections are made from. these, 
either as a direct supply to auomatic sprinklers or as a suction for fire 
pumps, they should be arranged to avoid mud and sediment. Connec- 
tion should also be provided with double removable screens installed to 
the requirements of the Inspection Department having jurisdiction. Where 
connections are made from rivers or lakes they should be provided with 
double removable screens similar to those for pump suction. 


6G. Size of Connection.—Connection from water supply or main pipe 
system to sprinkler riser should be equal to or larger in size than the 
riser. Connections for domestic use should not be taken from the fire 
system. See also Section E, Rule 26, and Underground Pipes, Section ‘M. 


Outside Hose Streams. 


21. The basis of calculation is the standard stream of 250 
gals. per minute, which amount of water is discharged through 
1%-in. smooth nozzle at 45-lbs. nozzle pressure. Such a stream 
has an effective range of about 70 ft. vertically and 67 ft. hori- 
zontally with moderate wind. See Table 8, on page 608. 

22. Few plants are small enough to require less than two 
streams, and the smallest Underwriters’ fire pump is 500 gals. 
capacity. Four streams is the average number of streams de- 
sirable for a plant of fair size, and important plants often have 
water available for 6, 8, 10, and even over 20 streams. A recent 
fire in an oil building of only moderate size required 10 hours 
of uninterrupted service of 16 hydrant streams. 


Open Sprinklers. 

23. Open (outside) sprinklers have been more commonly in- 
stalled on brick buildings, with a single sprinkler at each window, 
Special sprinklers are used for proper distribution, generally 
with 1%” to 3%” orifice. The average discharge per sprinkler 
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should not exceed ten gallons. Where over 30 or 40 sprink- 
lers are desired, the pipe system is usually divided into several 
sections, not all of which may be turned on at time of fire. 

24. 25 to 30 heads is the equivalent of one good hose stream, 
and this amount of water must be available at sufficient pres- 
sure to give not less than 10 lbs. working pressure on the 
upper line of sprinklers with all sprinklers operating. With 
large city mains and plenty of water, centrifugal pumps can 
be often used to advantage. Such a pump of 1,500 gallons 
capacity should properly feed 150 or more open sprinklers. 
Gravity or pressure tanks are not proper or satisfactory sup- 
plies for open sprinklers because of limited amount of water. 
See Chapter 34 for further and detailed information on this 
subject. 


TIME AVAILABLE. 


25. Obviously, unlimited supply as to time is most desirable, 
and water works connections, or pumps drafting from rivers, 
brooks, or exceedingly large reservoirs are ideal from this 
standpoint. 

26. Gravity tanks feeding sprinklers only must, as_ stated 
previously, have a capacity sufficient to meet the Underwriters’ 
requirements. 

27. If feeding hydrants also, if only temporarily until pump 
can be started, the tank capacity can properly be increased at 
least 10,000 gals. over the sprinkler needs. For a combination 
service, the minimum tank capacity should be 30,000 gals. If 
tank is to feed both automatic sprinklers and hydrants for any 
length of time, the capacity should be increased at least 25,000 
gals. over sprinkler requirements, equal for two standard fire 
streams for about one hour. 

28. Pump reservoirs are usually wisely provided to supply 
rated capacity of pump for not less than two hours; although the 
Underwriters will sometimes only require capacity for one hour. 


AVAILABLE SUPPLIES. 


29. The types of water supply available for private plant use 
are limited to the following: 
a—Connections from water works mains. 
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b—Private reservoirs. 

c—Gravity tanks. 

“d—Fire pumps of duplex steam, centrifugal, or rotary types. 

e—Pressure tanks. 

f—Connections from private mains of other plants. 

g—Fire department connections, fed by city steamers or by 

city hose lines. 

30. The order approximately indicates their relative desira- 
bility. ; 

31. As a primary supply for automatic sprinklers, the fire pro- 
tection engineer generally prefers the following in the order 
given: 

a—Water works connection. 

b—Private reservoir. 

c—Gravity tank. 

d—Pressure tank. 

e—Automatic pump. 

32. Where the water supply is for hydrant service, the above 
order applies, except that a non-automatic pump generally is 
preferable to a gravity tank, unless it is very large and exerts 
unusually high pressure. 

33. A private reservoir of large capacity and exerting ef- 
fective fire pressure is usually found only where water works 
connections are not available. In the following it is assumed 
that one or the other only is available, although in plants of 
great importance both may be found. 

EFFICIENCY OF PRIMARY WATER SUPPLIES 


(For Automatic Sprinkler Systems) 
N. F. P. A. Tables 1910-1922 


Percent. Av. No. of 
Primary Water Supply. No. of Fires. of Sprinklers 
Fires. Opened. 
DW Ler WOFES Nil aue 225.5) > aetonepoua cyst 9100 54.4 8.7 
Grovatyr T anks'si74:}...!5 nic sje 3581 21.4 9.4 
Pressure LANKS. os cs cwrs = sido « 2988 17.9 4.2 
PMID ee ee ee ioe nates cates 875 5.2 9.6 
IN OBE a.ocracec 3 dyrparepaels «emery ane 178 Lat 19.8 
Sots sea ones, Sot or cai gel als apoio A hegs 16722 100.0 


Note: The greater efficiency of pressure tanks is due to higher initial pressure 
and to use frequently in Jess hazardous occupancies. 
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34. As a secondary supply to a water works connection or 
private reservoir, the pump (not automatic) or gravity tank are 
favored. : 

35. As a secondary supply to a gravity tank the pump is almost 
always best. A water works connection or private reservoir 
giving lower pressure than gravity tank must be almost as good 
in order to warrant its use as a secondary supply. 

36. The pressure tank is almost always backed up by a gravity 
tank, and in very important plants a pump constitutes the third 
supply. 

37. Automatic pumps are generally used only because water 
works, private reservoir, or gravity tank supplies are too weak 
for primary purposes. 

38. Connections to other plant fire systems are very desirable. 

39. Para. 33 shows the data gathered by the National Fire 
Protection Association as to primary water supplies. The per-_ 
cent of fires under each class is not nearly as important as the 
reliability, initial pressure, and number of heads opened. The 
reliability grading of the N. F. P. A. is water works connections, 
gravity tanks, pressure tanks, and automatic pumps, in the order 
named. 


METHOD OF TESTING WATER SUPPLIES. 


40. Desirable Equipment. The inspector who travels from 
city to city, and who desires without delay to be able to test any 
city or private hydrant independently of any locally secured 
equipment, must employ a hydrant connection in principle similar 
to that shown in Fig. 36. The swivel crossbar, after being pushed 
edgewise into the hydrant nipple, is squared away at right- 
angles, as shown in cut, wing nut runs brass plate and gasket 
against the edge of the hydrant nipple, and pressure is carried 
through hollow stem to gage. This design was developed by the 
Underwriters’ Association of the Middle Department and has 
had years of successful field use. 

41. If a city or plant play pipe is available, a tapered rubber 
plug fastened to a small pipe with lock nuts will answer the same 
purpose as the more complicated and heavier device. 

42. If a sufficiently long stay is made at a plant, a hydrant 
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cap can be drilled and tapped to enable a more direct attachment 
to hydrant. 

43. These three methods of attaching gages to hydrants enable 
the static pressure to be obtained, readings to be taken at certain 
hydrants while water is drawn off from other points, or readings 
to be taken at the same hydrant if it has two or more outlets. 

44. A Pitot tube for indicating flowing pressures is indis- 
pensable. On a 2-way hydrant it may not be needed, but with a 
I-way hydrant and at nozzles of hose streams it is the only 
device that can be used. Two forms of Pitot tubes are shown. 

45. The inspector’s gage is best graduated by pounds from 0 
to 200 Ibs. An accurate, and correspondingly expensive, test 
gage is desirable, but not essential, especially if gages are peri- 
odically tested on dead weight gage tester. 

46. A \%-in. pipe thread on gages and a %-in. X \%-in. bushing 
enables approximately all conditions likely to be met in the field 
to be handled successfully. 

47. Two gages, one for hydrant or pump duty and one for 
nozzle use, are a great convenience. 


COMMON TESTS. 
Capacity of Water Works Systems. 


48. An effective test procedure on one or more street hydrants 
near connection to plant is as follows: 
a—Static test. 
b—Flowing test with Underwriters’ play pipe, with standard 
1%-in. tip in place, screwed directly to the hydrant. 
c—Flowing test with Underwriters’ play pipe with 134-in. 
orifice (tip screwed off). 
d—Open butt test at same hydrant. 
e—If pressure drop is not considerable under open butt test, 
two open butts on one hydrant, or preferably one on 
each of two or more hydrants should be used. This 
method requires no hose and is quick and reliable. 
49. The following gives test data that was secured under such 
conditions, the gallons discharged being taken from tables on 
pages 608 and 712. 
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ic. 39. MetHop or Testinc City Water Supprty To PRIVATE 
Hyprant SystTEM 


TEST OF STREET AND YARD HYDRANTS ON CITY WATER 
SUPPLY. (No Hose Used.) 


Hydrant Used. f ee Diam. of | Hydrant | Gals. per 
‘{ 7 Bare cat ie. Nozzle. Pressure.| Min. 

Jared St. | 8’, Jared St. only Static 95 ° 
i “ef “ “e “a ““ xr’ Bo 264 
. “ | «e “ . « hy" 49 590 
“e “e ‘« “ee “ef “e 24” op. bott. 22 811 
Brady St. 8’, Brady St. only | Static 83 ° 
“e “ fe fe aa “ y 77 259 
“en “en fe “e “a “ee I mt 58 641 
ae fe “e “« ae ae 275" op. bott. 35 74° 
Shaffer Ave Both Jared and Brady Sts | Static 95 ° 
“ee 1’ 83 269 
ae we “ee “f “en “ea “é rta’’ 3 60 653 
“ee “ce “ “e “ “oe “ 24’ op. bott. 33 964 
Yard near planing mill| 4’ metered yard connection Static 95 ° 
“ “« “e “fe “e fe “oe oe 1” 65 238 
“ “ “ “ “ he “ “ rh’ 28 448 
“ “ “ “ ‘se “ “ “ 24’ op, bott. Ir 603 


50. The character of the hydrant construction and the exact 
size of nipples is important in connection with open butt tests. 
See Table 18, page 712. 

51. If no facilities for securing static pressure exist, the 4 use 
of a tip smaller than the 1%-in. (smaller tips sometimes being 
available), will give approximately the static pressure. 


Capacity of Plant Systems Fed by Water Works Connections. 


52. The diagram shown in Fig. 39 illustrates a good arrange- 
ment for making a test of this kind. 
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53. Gage No. 1 shows street pressure, and should, for gal- 
lons discharged at far end of system, check data secured by 
street hydrant tests, if such tests have been made. 

54. Gage No. 2, on branch line as close to meter as possible, 
will show flowing pressure in main at point where branch is 
taken off. 

55. The difference in pressure equals the loss in meter and 
in pipe. The latter can be calculated from Table 1, page 686, 
and the meter friction checked against Table 5, page 691, to 
see if it is unusually high. Meters, of course, are undesirable 
in fire systems, unless of the fire service type, and are a fre- 
quent cause of enormous pressure drops. 

56. Gage No. 3 gives readings at pointS~where water is 
drawn off. The difference in pressure between gages No. 2 
and No. 3 equals pipe friction or pipe and hose friction. 
This also must be checked against tables to see if conditions 
are unusual. See Chap. 41, The Tables and How to Use Them, 
for explanatory data regarding tests. 


What Tests May Show. 


57. The annals of fire prevention Bureaus abound with im- 
portant, and not infrequently startling, facts which tests have 
developed. It is imperative to test a water supply system if 
any valuable opinion on its condition is to be given. 

58. Furthermore, a system once tested cannot be expected 
to remain the same for any length of time. Valves closed in 
whole or in part, sediment or obstructions in mains, and 
pressure drop because of increased consumption, are among 
the reasons that make periodic flowing tests necessary. 

59. Shortcomings which tests have detected include: 

a—Water works connection gate valve closed, never having 

been opened. 

b—Water works connection never made to city maih. 

c—Fire pump out of commission altogether or in part be- 

cause of broken pipes, missing or leaking pump valves, 
blocked suctions, and insufficient steam supply. 
d—Frozen tanks and drop pipes. 

e—Mains entirely clogged with mud. 


aa 
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f—Mains with seriously reduced areas because of hard deposits 
on inside. 
g—Serious leakage of underground system. 
h—Mains smaller than indicated by plans. 
i—Entirely or partly closed valves due to carelessness or ig- 
norance of which way to turn. 
j—Check valves pointing in wrong direction. 
_k—Leaky check valves, wasting higher pressure water. 
1—Clogged or broken meters or clogged fish traps protecting 
them. 
m—Existence of meters and valves not known. 
n—Frozen underground mains and yalves. 
o—Inoperative hydrants. 


Graphic Presentation of Test Data. 

60. The advantage of graphic presentation of results in ad- 
dition to tabulation of facts secured has been often demons- 
trated. If a reasonable number of points on a curve are se- 

cured, it is fair to assume that for intermediate points 
pressures and capacity will be as indicated by curve drawn 
through known points. 


WATER WORKS SYSTEMS 


61. If available and if suitable as to pressure and capacity, a 
connection to a water works system affords the best and usually 
the cheapest source of water for private fire protection. Under 
particularly favorable conditions such a supply may alone be 
sufficient for plant protection. ‘See preceding sections regarding 
necessary pressures, capacities, and methods of tests. Practical 
suggestions in connection with securing water works connec- 
tions include: 

a—The’need of ascertaining in advance the annual cost of a 

connection. City systems generally permit separate fire 
connection without an annual rental charge, although 
the cost of a 6-in. fire service meter in pit, where such 
meter is required, will be several hundred dollars. 
Private water companies generally charge accord- 
ing to size of connections, and a short 6-in. connection 


322 Handbook of Fire Protection 


between a large street main and an 8-in. yard main will 
introduce very little additional friction and probably 
save considerable money as compared to an 8-in. con- 
nection. 
b—Generally speaking, a 6-in. detector meter is large enough 
for 8-in. and possibly even 10-in. fire connections. The 
friction losses in a short 6-in. connection with tapered 
reducers at each end is so small that the saving resulting 
from not purchasing the much more expensive larger 
meter is usually warranted. 
c—Even if the nearest adequate sized water works main is 
some distance away, it is frequently good business policy 
to extend it to a plant, particularly if the city or nearby 
plants will share the expense, as is occasionally the case 
when general hydrant protection becomes available or 
other plants desire private fire connections. 
The extended street main becomes the property of the 
city or the water company and these look after upkeep. 
The cost to the plant, therefore, is only interest on the 
investment. Depreciation and upkeep on tanks or fire 
pumps, needed if water works connection cannot be 
secured, will probably be 6 to 8 per cent. per year. 
d—To secure a private fire connection without charge neces- 
sitates having all domestic service on a separate metered 
system. Such separation of systems is highly desirable 
for the reasons listed below: 
1—Reduces formation of sediment or corrosion in im- 
portant fire mains. 
2—Reduces possibility of interruption of fire service 
under ordinary conditions, because less carefully 
laid domestic connections give trouble, and new 
connections frequently have to be made. 
3—Materially reduces risk of breakage of domestic 
connections at time of fire pressure. 
4—Eliminates increased domestic consumption caused 
by raising pressure, at which time entire supply 
is secured from fire pump or other fire supply 
source. 
62. Section I of the Sprinkler Rules requires that there 
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shall be two -independent supplies for a standard sprinkler 
equipment. At least one of these supplies must be automatic 
and one be capable of furnishing water under heavy pressure. 

63. It is evident that a public water works system fulfills the 
requirement of being automatic, and the rules for this particular 
supply state that it should give not less than 25 pounds static 
pressure at all times of the day and at the highest line of 
sprinklers. This may be considered to explain what is meant 
by heavy pressure; but for best service it should be modified to 
the extent of maintaining approximately this pressure with water 
flowing through the number of sprinklers which are liable to be 
opened by fire at any one time. The rules state that, with sprink- 
lers open, ten pounds on top sprinklers is satisfactory, but. this 
could hardly be considered a heavy pressure supply and it would 
be more conservative to state that twenty to twenty-five pounds 
should be maintained on the top line, even with twenty-five to 
forty sprinklers operating. This would generally mean a street 
main of at least eight inches in diameter and a static pressure on 
top line of thirty to forty pounds. It is also important. that 
street main be fed both ways to minimize interruptions during 
repairs, and with larger mains close by. Furthermore, such a 
supply should also be ample for hydrants located on the same 
street mains, otherwise the use of these hydrants at time of fire 
might materially reduce the pressure. 


NEED OF TESTS. 

64. The ability of a water works system to maintain pressure 
may generally be determined by using hose streams attached to 
hydrants, and a safe minimum requirement would be the main- 
tenance of 20 to 25 lbs. pressure at the top line of sprinklers 
with two 1%-in. hose streams in service. 


ONE-WAY SUPPLIES. 


65. The fact that a satisfactory water works supply complies 


with both essential features of a proper water supply to sprink- 
lers, namely, it is automatic and may furnish an adequate supply 
of water under heavy pressure, has naturally brought about dis- 
cussions as to the necessity of a second independent water supply. 
In other words, is it reasonable to require another supply where 
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the water works system is ample, both as to volume and “pres- 
sure? It is evident that practically the only need of another 
supply would be the possibility of such a water works supply 
being temporarily out of service and in large cities the chances 
of such a contingency are undoubtedly very small. Furthermore, 
the expense of ‘a second supply for small city plants is of material 
importance when compared to the cost of the sprinkler system 
as a whole, and it is quite possible that many property owners 
are deterred from installing sprinklers because of this addi- 
tional cost. Frequently the cost of providing a gravity tank 
for an old structure will be as high as the entire cost of in- 
terior sprinkler equipment. 


66. While therefore it cannot be gainsaid that the ideal 
equipment should have two supplies, it would appear that 
this standard is quite nearly approximated by sprinklers sup- 
‘plied by water works system which furnishes adequate pres- 
sure and volume, especially if there are connections to mains 
in two streets, and system so valved that interruption of 
plant supply is reduced to a minimum. 


‘CHECK VALVES. 


4 OS When a public water service is connected to a private 
fire system, it is desirable that the connection be so arranged 
that the water from the private system cannot flow back into 
the street mains, and to accomplish this it has been the prac- 
tice. to. install a check valve in the connection. -In order to 
increase the reliability of this ‘arrangement, special check 
valves have been designed under specifications prepared by 
the Associated Factory Mutual Fire Insurance Companies, 
known as “ Special Type F. M.” These valves have bronze 
working parts, large clearances, and rubber-faced clappers. 
The covers of the valves are quickly removable and the clap- 
pers can be swung out of the bonnets to permit of ready 
inspection and cleaning. The valves are very efficient in 
operation, being designed to resist corrosion and to prevent 
disarrangement of the parts. Once a year the check valves 
should be inspected and the interior thoroughly cleaned. To 
facilitate removing check-valve bonnets, these may be packed 
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with 1%” sheet rubber packing, faced with machine oil and 
graphite and the bolts greased with heavy oil and graphite. 

69. Further to increase the efficiency of the arrangement, 
two of these valves are connected in series, and in order that 
the check valves shall be readily accessible for inspection and 
test they are installed in a pit. See page 389 for data regard- 
ing pits. The scheme shown in Fig. 40 is that advocated by 
the Mutuals as giving double protection against leakage past 
a check valve and permitting ready test of the tightness of 
checks. Method of testing is as follows: 

a—Open test valve D to blow out any sediment that may 

have accumulated in test valve or connecting pipe, 
and then close. 

b—Close gate M and open test valve D. If pressure falls 

at gage A and pressure at gage B holds after decreas- 
ing slightly, check F is tight. 

c—While test valve D remains open and pressure at gage 

A stands at zero, open test valve E. If pressure at 
gage B falls to zero and flow from test valve E 
ceases, check G is tight. 

Caution—Immediately at close of test see that gates M and 
N are open. It is important that the protection be promptly 
restored. 


POLLUTION PREVENTION. 


70. Connections from water works mains to fire systems 
having pumps drafting from rivers or other sources of im- 
pure water are often refused because of the dangers of pollu- 
tion of the city’s drinking water supply through the leakage 
of impure water past a single check valve. The plan de- 
scribed in Par. 69 and illustrated in Fig. 40 gives a large 
measure of protection vs. pollution. Fig. 40 shows also an 
automatic means of protection, operating as follows: 

a—G and G are valves controlling the two water supplies, 
one pure and one polluted or likely to be, and are 
necessary to enable checks and relief valve to be 
repaired and cleaned without shutting down system. 
Either valve could be outside the pit and provided 
with an indicator post. 

2, 
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Factory Mutual Double Check Valve Fire Service Connection 
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b—C and C are swing check valves of the best possible type 

as regards tightness and reliability of operation. 

c—R is weighted type (preferably) relief valve about 2 

ins. in size, set about Io lbs. higher than maximum 
pressure the pure water supply is likely to carry. 
d—T is %-in. test valve. It is used to put higher pressure 
on the relief valve and give it an actual test. Dur- 
ing such test M is, of course, closed. Normally it 
is open. 1 

e—N is a valved connection for a pressure gage, which 
may be permanently installed or brought by the 
inspector. 

f—D is a drain valve, normally open, to protect’ riser O 

against freezing. This riser should extend at’ least 
3 ft. above the ground so as not to constitute a 
tripping hazard. 

71. Ordinarily, with one cneck valve in a connection, leak- 
age owing to regularly or temporarily higher pressure on 
impure side is likely to take place, but with the automatic 
scheme shown above, the pollution danger approaches zero, 
because if one check leaks, the leakage will waste by relief 
valve set only to lbs. higher than the pure supply, rather 
than drive back through the second check. The likelihood 
of both leaking at the same time under a differential pressure 
of to lbs. is exceedingly small. 

72. The relief valve discharge pipe continued above the pit 
is an automatic indicator of check valve leakage or of im- 
proper setting of valve R during non-freezing weather when 
D can be kept closed. 

73. Both of the plans for pollution prevention shown in 
Fig. 40 are considered reasonably safe, but should only be 
installed after specific approval of the authorities. 


METERS FOR FIRE SERVICE 
By E. V. FRENCH * 


74. Meters of the ordinary commercial types have always 
been objected to on connections from public water supplies to 
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private fire systems, and their use has never been approved 
by fire protection engineers. The desire for them by water 
works officials in some communities has been due to two main 
reasons: first, because there are connections to supply water 
for other uses from the fire pipes, generally due to an old 
agreement, which may now be outgrown, and second, be- 
cause of the fear that water may be taken from the fire sys- 
tem for other than fire purposes without payment. 

75. In the earlier days of water works such other connec- 
tions were often permitted, and this practice still prevails in 
many places, a flat rate being charged for what is estimated 
as the probable amount of water to be used. Under these 
conditions, some use of water from the fire system has been 
expected. In later years, however, many water supplies are 
being filtered, while the increase in the use of water has 
necessitated large expenditures for new supplies. This has 
resulted in a greatly increased effort to prevent waste and to 
get a full return for all water used, and consequently a de- 
mand for meters. 

76. Sprinkler rules, Section I, provide that no water supply 
for sprinklers may pass through a meter or pressure regulat- 
ing valve except by consent of the Underwriters having 
jurisdiction. 

77. From the fire protection standpoint, the ordinary types of 
meters in common use are objectionable for the following 
reasons: 

a—All of them obstruct the flow of water to some extent, and 

many types seriously reduce the pressure with the large 
flows required at time of fire, due to the friction of the 
water passing through the meter. 

b—There is always a possibility with the ordinary types of 

disc and piston meters that an excessive draft will break 
some of the internal parts, block the moving members, 
and so choke the passages as to largely cut off the flow 
of water. Such blocking may also occur in other ways. 
c—The fish traps, or strainers, usually used with meters, lessen 
the danger of breakage and blocking, but are themselves 
liable to become clogged by pipe scales, leaves, pieces of 
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hemp, and similar refuse which is almost sure to be 
washed along by the high velocities of fire drafts, though 
with ordinary flows this material may lie on the bottom 
of the pipe. Such choking may easily be carried to the 
point where it will largely reduce the flow of water. 
These fish traps, therefore, make the “current” types of 
meters objectionable, even though in some meters of this 
type the friction loss due,to the meter itself is quite 
small. 

d—Necessary occasional internal inspection or removal of 

fire meters may interfere with continuous service. 
This is a strong argument for a by pass around the 
meter. 

78. Table 5, on page 691, shows the friction losses for 6-in. 
and a few other sizes of the most common types of meters 
now on the market, and makes clear at a glance how serious 
is the friction loss caused by some types of meters. 


METHODS OF PROTECTING PUBLIC SUPPLIES 


79. The best means at present available for insuring the 
proper use of private fire systems, and protecting the interests 
of municipal water departments or private water companies, 
are as follows: 

a—Have the fire piping laid out in a simple manner, so that 

it can be readily inspected, Supply the water for fac- 
tory purposes by a separate system of pipes, so that there 
will be absolutely no connections from the fire system 
except to fire apparatus Then have a clear understand- 
ing that water is not to be drawn from the fire system 
except in case of fire, or for such occasional testing as 
may be agreed upon. In many places where there is 
cooperation between the owners of protected property 
and the water works officials, this arrangement will cover 
all the needs, and there will be no danger of any con- 
siderable amount of water ever being improperly used 
from the fire system. 

_ b—If, however, it is felt that there must be some further guard 
to prevent irresponsible employes occasionally drawing 
water from a hydrant for some special purpose, and 


330 Handbook of Fire Protection 


doing it against orders, simply because it is more con- 
venient than to draw it from the proper source, it is 
entirely feasible to seal all hydrants and sprinkler drain 
valves, providing a penalty for broken seals. This plan 
was developed in New Bedford by Mr. R. C. P. Cogges- 
hall, Superintendent of the Water Department, and, 
under regular supervision by men from the Water De- 
partment, has given good results. 

c—Where some constant watch for a fire service is considered 
absolutely necessary, the following method may be used: 
First, cut off any connections which may exist on the 
fire system through which the water is being used for 
ordinary purposes, except perhaps a few small ones, the 
total draught through which would never exceed about 
100 gallons per minute. This is desirable outside of the 
meter question in all ordinary cases, in order to prevent 
the waste of water from the fire pump through such con- 
nections in case of fire. Then put some form of detector 
on each fire service connection. The available types 
are discussed in the following sections: 


FACTORY MUTUAL METERS. 


80. The Associated Factory Mutual Fire Insurance Companies 
found some years ago that there was an increasing demand for 
some sort of a guard for fire services and as there was nothing 
at the time on the market which would do the work experiments 
were made. A meter was finally developed which measured the 
small flows and leakages accurately by a small meter in a by-pass 
around a weighted check valve in the main passage. Then for 
larger amounts of water, as in case of fire, the check valve 
opened and gave a free passage. When this occurred the water 
through the main passage was measured proportionately on a 
small dial. Several of these meters are in use and giving satis- 
faction. Improvements soon after in commercial devices made 
further developments of this idea unnecessary. 


VENTURI METERS. 


81. Venturi meters have been proposed for fire services. The 
friction loss which they cause may be very small, but they are 
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not well adapted for measuring the low flows which it is usually 
desired to control. Again, it is important, wherever the Venturi - 
meter is used, that the throat be not so small that it may readily 
become choked by any foreign matter possibly coming along in 
the pipe, and this is quite as vital as that the friction loss should 
be low with the usual fire drafts. There is always a chance when 
pipes are being laid, or when repairs are being made, that some 
foreign thing, such as a block, a large stone, a pair of overalls, or 
something of the kind, may be left in the pipe, or may be pushed 
in by boys who not uncommonly get into the trenches when the 
men are gone. It is consequently very necessary that the throat 
of a fire service meter be sufficiently large to pass anything of 
this kind likely to come along. This caution is given while fully 
recognizing the merits of this type of meter, because a number 
of cases have arisen where, in a desire to measure quite small 
flows, throats only a few inches in diameter have been proposed 
in 6, 8, or I0-in. pipes. 


FIRE SERVICE METERS. 


82. The Hersey Manufacturing Company, Boston, and the 
Neptune Meter Company, New York, have developed devices 
with special reference to fire service requirements. These were 
designed with the idea that the friction loss for large flows must 
be small and that the main passageway must be practically unob- 
structed when open so that there would be no more chance of a 
full flow of water being prevented than in the various other fit- 
tings used in ordinary water works practice. Provision was 
then made for measuring or indicating the flows. These special 
devices will satisfy all of the requirements for those cases where 
the simpler methods previously described cannot be accepted, 
and where the cost of this additional equipment is necessary. 

83. Hersey Detector-Meter, Model D. M.—This device con- 
sists of a check valve in the main passage, slightly weighted and 
having a grooved seat with the grooved space connected with 
the atmosphere, thus giving a differential action. Around the 
check valve is a by-pass of smaller size, containing an ordinary 
disc meter. In operation the smaller flows are forced through 
the by-pass by the main check valve and are measured accurately 
by the small meter. If more water is drawn the main check 
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valve opens and gives a free water way. At the same time the ~ 
outlet from the differential seat discharges water into the atmos- 
phere and a small meter is connected to this outlet and, by re- 
cording the amount of water discharged, gives an approximate 
measure of the time the main clapper has been off its seat. The 
device is therefore a meter for the smaller flows and a detector 
for the larger ones and under many conditions has given all the 
protection needed for a fire service. 

84, Hersey Detector-Meter, Model F. M.—This device is a 
development of the first detector-meter, but adds to it a second 
meter, arranged to measure the larger flows proportionately, 
thus producing a device which would measure all flows and 
meet the demand for a meter which records all of the water 
used under any conditions and leaves nothing for further ad- 
justment. 


Fic. 41. Derector-Meter. Moper ‘“ F. M.” 
(Courtesy of Hersey Manufacturing Co.) 
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85. The main check valve and the by-pass arrangement are 
the same as in the detector except that the passage from the 
differential seat is controlled by a small valve which closes it 
when the check valve opens and opens it again when the check 
valve returns to its seat. This is to prevent waste of water 
through this outlet while the check is open, while still retaining 
the differential feature. The whole device is shown in Fig. 41. 
The additional feature is just up stream from the main check 
valve and consists of a friction ring (C in the cut) which is 
somewhat smaller than the main channel which has been enlarged 
at this point, but only slightly smaller than the diameter through 
the check valve itself, which is the same as the nominal size of 
the meter. On top of this enlarged passage is a small meter (B 
in the cut), also in a by-pass cast in this special fitting. When 
water begins to flow through the main line it is slightly re- 
stricted by the friction ring and a part of it diverted through the 
small by-pass. This diverted portion is always a fixed percentage 
of the total flow through the friction ring and the meter B is 
arranged so that it records the total flow acting on the propor- 
tional principle. The sum of the readings of the two meters B 
and D gives the total flow which has passed through the pipe in 
any given time. 


86. Neptune Trident-Protectus Meter—This meter has all 
the working parts in one casing. There is a full sized check 
valve in the main passage which is held closed by a weight at- 
tached to a cam so that the weight effect decreases as the clapper 
opens. An ordinary disc meter is installed in a by-pass on one 
side and a current meter on the other side of the main waterway. 
The arrangement of the parts is shown in Fig. 42. In operation 
small flows are forced through the disc meter as the main check 
valve is held closed by the weight. With larger flows the main 
check valve opens and gives a free waterway. The flow through 
the disc meter is stopped by means of the butterfly valve at the 
outlet end of the by-pass which is closed by the opening of the 
clapper. The flow is then measured proportionately by the cur- 
rent meter which is operated by the flow through its by-pass. 
The sum of the readings of the two meters gives the total flow 
which has passed through the pipe in any given time, 
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Fic. 42. Neptune TRIDENT-PRoTEcTUS METER 


(Courtesy of Neptune Meter Co.) 


87. Installation of Meters—Whenever special meters of this 
type are used, they are ordinarily located at the point of en- 
trance to the plant and advantageously can be placed in a brick 
or concrete pit to permit of ready accessibility. The repair valve 
on the plant side of the meter should be located in the same pit. 
See page 394. Street valves generally are located at the water 
supply main. It is advisable to provide a full sized by-pass 
around any meter to guard against water being shut off in case 
of repairs to the meter, the valves being so arranged that the 
meter can be cut out and the fire equipment meanwhile kept 
intact with full water pressure constantly on the system. The 
valve in the by-pass should preferably be of the indicator 
post type. 


88. Both the Hersey and Protectus meters are provided 
with check valves so that these meters act as check valves 
in a system. Occasionally another check valve is used on 
the plant side to give additional protection. 
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89. As the friction losses in these meters are not excessive, 
it is often feasible to use a 6-in. device on an 8-in. pipe and some- 
times on a 10-in. pipe, thus saving’ cost and still being able to 
pass all the water available with a low total friction loss. This 
suggestion is merely adopting the general idea of the Venturi 
throat and making use of the fact that a moderate restriction at 
one point, made by somewhat tapered reducers on each side, so 
that there is no serious eddying of the water, does not catse 
much increase in friction loss. The main point, as in the Venturi 
meter, is never to have the smallest passage so restricted that 
there will be danger of it becoming obstructed by some foreign 
matter coming along in the water. 


GENERAL REMARKS. 


90. Many years of experience in fire protection matters make 
it proper to suggest that it is in every way desirable that there 
should be cooperation between the water works officials and the 
owners and managers of protected properties. Water works 
authorities are charged with the responsibility of maintaining 
their systems in efficient condition, so that they may always 
supply the water needed for domestic and manufacturing pur- 
poses, and be ready at any instant to furnish a large quantity of 
water to extinguish fires. Further, they must prevent all need- 
less wastes and all improper uses of water and must, in fairness 
to the community or to the water company, receive a proper 
return for all water used for purposes other than fires. 

91. On the other hand, the progressive property owner pro- 
vides, at considerable expense, protective apparatus which greatly 
reduces the chance of a sweeping fire in his property, that in 
many cases might readily extend to adjacent buildings. Further, 
he makes almost impossible a serious interruption of business, 
which would also throw out of work employes, and even in some 
cases result in the removal of an industry to another town, thus 
crippling the resources of the community. Again, the protected 
property is much less likely to call for a large amount of service 
from the public fire department. 

92. lf, therefore, it can be recognized that the interests of 
the water works officials, the protected risk, and the community 
are largely identical, it will be granted that to work together in 
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a spirit of friendly cooperation will be for mutual interest. 
Where this spirit prevails, there is an absence of that friction 
and that tendency to make troublesome restrictions which are 
likely to arise where both sides do not work together in a frank, 
businesslike manner. 


GAGES _ 


93. Gages play an important part in fire protection. There 
are three types used: 
a—Indicating gages of the spring type. 
b—Recording gages, used on steam supplies, city water 
systems, etc. 


c—Mercury gages used to indicate height of water in tanks. 

94. The National Board Rules covering sprinkler systems 
call for 4%” dial, spring pressure gages, with maximum limit 
equal to twice the working pressure where installed. Cali- 
bration is generally too lbs., 250 lbs., or 500 lbs. Such gages 
will answer for almost every fire protection need where in- 
dicating types of gages are required. Certain manufac- 
turers make gages meeting both the National Board and the 
Factory Mutual specifications. A number of manufacturers 
make standard recording gages, and a more limited number 
reliable mercury ones. 


95. Gages are used in situations such as: 


a—On city water connections to hydrants, sprinklers, stand- 
pipes, and pump suctions. In the latter case a com- 
pound pressure and vacuum gage may be necessary 
if the pressure is low. Where great reliability is 
placed on a city connection,.a recording gage is often 
used. 
b—On steam supplies to pumps. Recording gages are 
warranted where pumps are automatic. 
c—On discharge side of pumps of every type. 
d—At one or more points on distribution system to show 
existing pressures from any one of several sources. 
e—On sprinkler systems: 
1—Above and below each alarm check or dry pipe valve. 
2—At air pump supplying pressure tank. 
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3—On pressure tank. 

4—In air supply feed to each dry pipe system. 

6—At base of gravity tank risers. 

7—At tops of risers, used also in connection with flow 
tests at that point. 

8—At draw-offs on risers where flow tests are made. 


STEAM FIRE PUMPS 


96. The steam fire pump, properly designed and installed 
and provided with adequate steam and water supplies, forms 
a most reliable and satisfactory supply for sprinklers and for 
yard hydrants. It ranks second in general value to the water 
works connection, especially if provided with practically an 
unlimited suction supply. Cases are on record where serious, 
stubborn fires in large structures or in materials such as 
cotton have required continuous pump service literally for 
days. See Fig. 44, page 340. 

97. For many years the leading pump makers have been 
building so-called Underwriters’ Steam Pumps, in general 
accord with the National Board specifications, the essential 
installation features of which appear in this section. Fig. 44 
illustrates such a pump. The need of this type of pump was 
brought out by the failure of so-called “trade” pumps when 
it was attempted to run them at full speed and capacity for 
considerable periods of time. A pump which worked well 
under slow speed, and perhaps low efficiency, either broke 
down entirely when subjected to the unusual strain of high 
speed and high pressure, or failed to deliver anything like 
its proper capacity because of wear and leakage. 


RESERVED FOR FIRE DUTY. 

98. It is virtually impossible to use a steam fire pump for 
domestic service and to have it in perfect condition at time 
of test or fire. The use of bronze in the construction of 
Underwriters’ Pumps insures certain starting after disuse, 
and it also causes pumps to wear badly under constant run- 
ning. The only safe rule is to reserve fire pumps for fire 
duty, to turn them over preferably daily, and periodically to 


_test them under pressure up to capacity. 
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SIZE. 


99. The steam pump should generally be of sufficient size 
to feed a reasonable number of sprinklers and at the same 
time furnish two or more efficient hose streams. A pump 
which would deliver 500 gals. per minute used to be considered 
sufficient for the ordinary plant, but it is evident that such 
a pump cannot feed sprinklers and hose streams at the same 
time, and the false economy of small pumps has been so 
often demonstrated that we find a general tendency now to- 
wards larger pumps, which is certainly better practice. It 
is always well to consider that sprinklers may later on be 
installed. 

100. Where pumps may supply hose streams, as is nearly 
always the case, a 750-gal. pump should certainly be the 
minimum even for small plants, and for the ordinary plant 
a 1,000-gal. pump should be the minimum. The cost of the 
additional pumping capacity is very small compared with 
the cost of fire protection as a whole, and the ability properly 
to supply. say, fifteen to twenty sprinklers and at the same 
time give two good hose streams, may mean the difference 
between an insignificant fire and serious loss. 


LOCATION. 


101. The location of pump and boilers is one of the ut- 
most importance, the latter being as vital as the former, as 
it is evident that steam must be maintained and fire and 
smoke must be kept out of both boiler and pump rooms. 
This means preferably a detached boiler and pump house. 
It not detached, the boiler room should have a standard cut- 
off from the remainder of the plant and the pump room can 
either be detached or adjoin the boiler room. For the sake 
of cleanliness and general attendance, it is better to have the 
pump in a separate room from the boilers. Pump room 
should preferably be fire-resistive and it should be possible 
to enter it from the outside of the building. Further, the 
pump room should be light and airy. 


a —_ 
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BOILER CAPACITY AND FUEL. 


102. The rule is that not less than 4o boiler h.p. shall be 
available for each 250 gals. rated capacity of fire pump. Boiler 
fires are frequently banked at night and excess boiler capacity 
is very advisable. Furthermore, boilers must be examined 
and tested at more or less frequent intervals, and several 
boilers, therefore, give better protection, for at least one 
should be in service at all times. Plants have been destroyed 
by fire breaking out while fire pump was without steam be- 
cause of boilers being all down at once. 

103. Water must be available for boilers at time of fire, and 
feed water supply for boilers should be so arranged that it 
will not be crippled by broken pipes or taken away by fire 
engines or hose service. It is good practice to have an emer- 
gency boiler feed supply taken directly from fire pump dis- 
charge and on the pump side of the main gate valve. This 
insures boiler feed water as long as fire pump has suction. 
Ample fuel for boilers is obviously essential. See Fig. 43. 


STEAM SUPPLY. 


104. Many fire pumps have been put out of service at time 
of fire by the breaking of a steam line leading to the pump 
or to some other apparatus. Reliability of the steam supply 
is important and frequently overlooked. The following is 
essential: 

a—Preferably special line from boiler room header to fire 

pump. See Fig. 43. Line to be as short as possible. 
b—If fire pump line supplies branches, these to be con- 


Fic. 43. STEAM Suppty For Fire Pump 
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trolled through valves preferably located in fire pump 
room. 

c—Every branch leading from boiler room header to have indi- 
vidual and readily accessible valve. . 

d—Where steam line is exposed by buildings, lumber piles, etc., 
line should be run underground, or there should be loop 
supplies so located and so valved that the possibility of 
both branches being interrupted at the same time is 
exceedingly remote. 

e—Steam line requires proper pitch and trap to remove 
condensation. 

105. A pressure gage on steam line in pump room is advisable. 


THE NATIONAL STANDARD STEAM PUMP 


KEY TO FIG. 44 


STEAM END—MAIN PUMP. 


_1. Steam supply pipe direct from boilers, independent, of all other 
pipes. 

2. Main throttle valve. 

3. Automatic governor on by-pass around main throftle. For ordinary 
conditions governor does not need to be full size of steam inlet; 14 
or 2” is sufficient for 1000 gallon pump. 

4-5. Globe valves to permit governor to be removed for repairs without 
crippling pump. ; 

6. Sight feed lubricator. 

7. Steam trap. 

8. Hand oil pump. Glass body with 1 pt. capacity. 

9. Steam gage attached directly to steam chest. 

to. Steam exhaust pipe direct to atmosphere. 

11. Hand wheels operating cushion valves for regulating stroke of pump. 


WATER END—MAIN PUMP. 


12. Suction air chamber. 

13. Priming connection from priming tank or other reliable water 
supply. 

14, Air chamber. 

15. Name Plate. 

16. Horizontal straightway check valve. 

17. 6 or 8” pipe extending from pump discharge thru wall of pump 
house. Hose valves each should have independent gates, and wall open- 
ing must be protected against freezing. 

18. Duplex spring water-pressure gage. 

19. Relief valve, spring pattern. ; 

20. Open cone on waste pipe, which should be carried to outside. If 
pump drafts from cistern or other limited supply of water, waste pipe should 
discharge into this supply. : : 

21. Test valve to permit discharging water into discharge cone without 
operating relief valve. 

22. Large hand hole plates to give access to pump valves. 

23. Brass tube, 4” in diameter, water pressure connection to governor. 
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AUXILIARY PUMP, 


24. Body of auxiliary pump, drafting from fire pump suction and 
discharging into its discharge. See Fig. 46, Plan A 

25. Governor set 10 Ibs. higher that fire pump governor. | 

26. Throttle. By-pass not required for governor as on main pump. 

27. Suction chamber. 

28. Suction gate valve. 

29. Suction check valve. 

30. Discharge check valve. 

31. Discharge gate valve. 


SUCTIONS. 


106. Sources of suction found in industrial plants include: 

a—Connection from water works main. 

b—Connection from river, brook, pond, flume, or penstock. 

c—Connection from special reservoirs reserved for fire or 

to general reservoirs used for both fire and domestic 
purposes. 

d—Connection from special tanks. 

107. Combinations of these, as for example, “a” and “d” 
are occasionally found. See rule 56 and page 350. 

108. If water works pressure is insufficient to act as pri- 
mary supply to sprinklers or hydrants, a pump suction can 
be arranged as shown in A and B, Fig. 45. Some water works 
managements refuse to allow any direct connection and some 
insist on a surge tank. The valves next to the pump on the 
discharge side are required only where the other valve is out- 
side the pump room. 

109. If water works connection constitutes an automatic: 
supply, and if pump is to be used as a booster, the arrange- 
ment in C is correct. The main pipe check is between gates 
to permit repairing it without shutting down pump. 

110. Suctions to rivers, brooks, or ponds almost always require 
protection against driftwood, weeds, and refuse and it is neces- 
sary so to locate suctions that minimum of mud will be likely 
to be drawn into system. A concrete intake with two vertical 
plate screens, one of which can be removed for cleaning while 
the other affords protection, is ideal. See Fig. 48, page 363. Where 
there is no pressure head on the suction supply, a brass or cop- 
per wire screen of about %-in. mesh and No. 10 B. & S. wire, 
secured to a metal frame, makes a serviceable form of screen. 
The screen should have an effective area equivalent to one square 
inch for every gallon per minute of pump capacity. Where 
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Fic. 45. Suction ARRANGEMENTS FOR PUMPS DRAFTING FROM 
WATERWORKS CONNECTION 
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pumps take suction under a head, as from a penstock, a suitable 
form of enclosed strainer is essential. Where lifts are 15 ft. or 
more or where long suction pipes are necessary, foot valves are 
commonly used. Certain manufacturers furnish approved types 
of valves having large clear waterways and non-corrodible bear- 
ings. The types of foot valves with relatively small openings 
and of a design that can be readily clogged are particularly ob- 
jectionable. 

111. Where suctions would be long, particularly where sev- 
eral pumps are to draft from river, brook, or pond, it is good 
policy to have a gravity line filling a suction well located close to 
pump house. Screen protection for such intake, of course, 
belongs at the point of supply. 

112. It is important to ascertain minimum water supply condi- 
tions, because these may make an apparently good suction unde- 
sirable. 

113. Where suctions are taken from rivers having heavy fluc- 
tuations in level, it has been found necessary to place pumps in 
deep wells below minimum level of river, or even to have pumps 
on skids raised and lowered on sloping river bank in order to 
keep pumps within reasonable suction distance of river. Ad- 
justable suction, discharge, and steam or electric connections 
then of course become necessary. 

114. If a reservoir is used jointly for fire and domestic pur- 
poses, it is good policy to have domestic suctions extend only 
part way to bottom so that a definite amount will be reserved for 
fire purposes. 

115. Above-ground reservoirs and tanks will require heating 
in cold weather. 


NATIONAL BOARD RULES 
(Edition of 1915) 
116. The following sections of the regulations of the National 
Board of Fire Underwriters for the manufacture and installa- 


tion of Steam Fire Pumps are reproduced as being of general 
interest. 


UNIFORM REQUIREMENTS. 


The following specifications for the manufacture of Steam Fire Pumps, 
developed from those originally drawn by Mr. John R. Freeman, are now 
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used throughout the whole country, having been agreed upon in joint con- 
ference by representatives of the different organizations interested in this 
class of work. 


THE NATIONAL STANDARD PUMP. 


ist.—Its steam ports and water passages and air chamber are made much 
larger than in common trade pumps, so that a large volume of 
water can be delivered in an emergency without water hammer. 

2d.—lIt is “‘rust proofed’’ that it may start instantly after disuse, by 
making its piston rods and valve rods of Tobin bronze, instead of 
steel; its water pistons, stuffing boxes and rock-shaft bearings of 
brass, instead of cast-iron. Its valve levers are made of steel or 
wrought-iron forgings, or of steel, castings. 

3d.—The following necessary attachments are all included in the price 

of the ‘“‘ National Standard Pump,” viz.:—a vacuum chamber, two 
pressure gauges, a relief valve, a set of brass priming pipes, 2 to 
6 hose valves, a stroke gauge, a capacity plate, an oil pump, a 
sight feed lubricator and a cast-iron relief-valve discharge-cone. 

By reason of the larger ports, passageways and pipes, its larger number 
of valves, and the added attachments, and generally superior construction 
a ‘“‘ National Standard’? pump costs more than a common trade fire-pump, 
but the cost per gallon which these pumps can deliver in an emergency by 
reason of their large passageways, etc., is no greater than for the old style 
of fire-pump and is well worth this extra cost. 

Finally it should be remembered that these specifications cover only the 
outlines of the design, and that all pumps built under them are not of 
equal merit, for certain of the pump factories possess a broader experi- 
ence and better shop facilities than others, and that the responsibility for 
first-class workmanship and strength of materials rests on the pump manu- 
facturers, and not on the insurance companies. 


NATIONAL STANDARD SPECIFICATIONS. 


3. Sizes of Pumps. 


Only the four different sizes given in the following table will be recog- 
nized for ‘‘ National Standard ”’ pumps: : ; } 

The multiplicity of odd sizes of “Trade Pumps” is confusing, and dif- 
ferent makers have, in the past, estimated the capacity in gallons according 
to different arbitrary standards. 


NATIONAL STANDARD PUMP SIZES 
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4. Capacity. , 

It is all right to run fire pumps at the highest speed that is possible 
without causing violent jar, or hammering within the cylinders. Considera- 
tions of wear do not aftect the brief periods of fire service or test, hence 
these speeds are greater than allowable for constant daily duty. 

Careful experiments on a large number of pumps of various makes at 
full speed, show that in a new pump with clean valves, and an air-tight 
suction pipe, and less than 15-ft. lift, the actual delivery is only from 1% 
to 5 per cent. less than plunger displacement. This slip will increase with 
wear, and for a good average pump in practical use, probably 10 per cent. 
is a fair allowance to cover slip, valve leakage, slight short-stroke, etc. 

Men sometimes ask why, if they can run a pump smoothly so as to get 
a delivery of 1,000 gals. per minute, we should not accept it as “‘a thou- 
sand-gallon pump,” ‘irrespective of its suction valve area or its exhaust 
port area or the size of its cylinders. 

To this we reply that when new and favorably set almost any pump 
built according to these specifications can run at a much greater delivery 
than here rated, but when lift is unusually high or suction pipe long, no 
pump can be run so fast as on, for instance, a 5-ft. lift. A solid foundation 
is also a great aid in running a pump fast. 

Standard 500-gal. pumps have often delivered 800 gals., and 1,500-gal. 
pumps have delivered 2,000 gals., but some margin must be allowed for 
unfavorable conditions and for deterioration as pump grows old, or for 
absence of an expert to get its utmost duty 


39. Pipe Sizes. 


Water and steam pipe connections must have standard flanges to con- 
nect with pipes of the sizes given below: 


: > Diameter of Diameter 
ae Min, Suction Pipe, | Discharge Pipe, Steam Pipe. Exhaust Pipe. 
Inches. Inches. 
500 8 6 3 4 
750 To | 7 or 8* 3% 4 
1,000 12 8 4 5 
1,500 14 | 10 5 6 


* Eight-inch preferred, this being the more common size for valves, fit- 
tings, and pipes. 

These suction pipe sizes, although larger than common for trade pumps 
of the same size, are believed to be amply justified by experience, and exert 
a powerful influence toward enabling the pump to run smoothly at high 
speed with water cylinders filling perfectly at each stroke. No defect is 
more common than restricted suction pipes. 


46. Priming. 


For 1,000- and 1,500-gal. pumps, the priming pipes must be 1} in. For 
the 500- and 750-gal. pumps, the pipes must be 1 in. Pump-makers are to 
furnish these pipes and the fittings called for below, and are to connect 
them up providing a 2-in. outlet, looking upwards, ready for the supply 
from the priming tank. 

A priming tank is provided by the purchaser in all cases where there is 
ever to be any lift on the suction. It is generally advised that this tank 
have a capacity of one-half of what the pump can throw at full speed in a 
minute. This means 250 gals. for a s5o00-gal. pump and 500 gals. for a 
1,000-gal, pump, etc. It is the intention to make the pump a truly ‘“ inde- 
pendent source’’ of supply, therefore the need of a special priming tank. 
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Author’s Note—Satisfactory priming connections may be se- 
cured from city water, from domestic system, and from other 
pumps. Duplicate priming connections for important pumps may 
be worth while. 


TESTS FOR ACCEPTANCE 


48. Test for Smoothness of Action. 


Provide outlets for the water; start the pump slowly, gradually open 
steam-throttle to bring the pump to fulh speed. The pump should run 
smoothly at the rated full speed of 70 revolutions per minute (or 60 revo- 
lutions if a 1,500-gal. pump) with full length of stroke, and meanwhile 
maintain a water pressure of 100 lbs. per square inch. 

If the hose lines are short, or discharge is too free, partly close the 
water outlet valves, thus throwing an extra back pressure on the pump 
equivalent to that which would be produced through a greater length of 
hose. 

During this trial it is preferable to discharge the water through lines of 
2§-in. cotton rubber-lined hose preferably each 150 ft. long, each connected 
directly to the hose outlets on the pump, and each line having a r}-in. 
smooth nozzle at its outer end. Two lines should be connected for a 500- 
gal. pump, three for a 750, and so on, having as many lines as rating of 
pump requires. 

A hose line 150 ft. long, with an inside surface of average smoothness, 
and with a 14-in. nozzle attached, will require about 80 lbs. pressure at 
the pump to discharge 250 gals. per minute, and the nozzle pressure will 
be about 45 Ibs. Therefore, with lines attached as above, a pressure at 
the pump of about 80 Ibs. should represent a discharge about equal to the 
rated capacity of the pump, and would ordinarily correspond with the rated 
full speed revolutions. 

If the pump runs smoothly under these conditions, it is well to open the 
throttle somewhat further, and bring the pressure at the pump up to 100 
Ibs. This will give a discharge of about 280 gals. per stream, or about 12 
per cent. in excess of the rated capacity. The revolutions will, of course, 
correspondingly increase, and under all ordinary conditions a pump should 
run smoothly at this higher capacity, though a little more vibration and 
pounding would be expected than when running simply at its rated speed. 

These tests should be made with cushion valves wide open, and there 
should be no noteworthy water hammer or valve-slam, neither should there 
be any striking of piston against steam cylinder heads when running at 
full speed against little or no load. Sometimes valve-slam is not the fault 
of the pump, but arises from an obstructed suction pipe. It is objection- 
able to doctor water hammer in a pump by snifting air into the suction, as 
this cuts down the efficiency and is a poor expedient. 

The quietness of that part of the hose near the pump, or its freedom from 
rubbing back and forth. crosswise an inch or more with each pulsation of 
the pump, is a good index of the pump maker’s skill in securing uniform 
delivery. Bad pulsation quickly wears holes in the hose, and to reveal this 
is the object of testing with hose connected directly to the pump. 


49, Test of Internal Friction. 


This is shown by the reading of steam chest gauge compared with water 


pressure gauge at air chamber. 
Tests have generally run about as follows, for pumps running at full 


rated speed: 
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Excess of 
: Steam Steam Pres- | Actual Steam 
Ratio of Water Pres- Pressure | sure Needed Pressure 
Size of Pump | Steam Piston| cure Lbs. | Lheoretically| tp Overcome Found 
Gals. per Min.| Area to Water per Sq. In. Necessary, Friction, Necessary 
Piston Area. Disregarding| Back Pres- | at the Pump. 
Friction, sure, Etc. 
500 4 times 100 25 15 40 
75° Eide aoe 33 12 45 
1,000 Bie 100 33 i2 45 
1,500 23“ 100 36.5 13-5 5° 


The steam pressure needed will vary slightly with the freedom of the 
exhaust pipe and with the tightness of the packings, etc., but a steam pres- 
sure of 45 lbs. at the steam chest should suffice for 100 lbs. water pressure 
on the pump in proper adjustment. 


50. Test of Strength and Tightness. 


First, shut the main valve between the pump and the fire system to avoid 
possible injury to joints or fittings, then shut all water outlets nearly, but 
not quite tight, so pump will move very slowly. Screw safety valve down 
hard. Slowly and carefully admit steam pressure sufficient to give 240 lbs. 
per square inch water pressure. 

With this extreme pressure all joints should remain substantially tight, 
and the slow motion of the pump should be tolerably smooth and uniform. 
(The leakage of a few drops here and there and a little unsteadiness of 
motion are to be expected.) 

If boiler pressure is above 85 lbs., the safety valve on pump should be 
attached a screwed down only enough to hold the ee pressure. or 
‘tar 100 lbs. or more of steam the water pressure might be carried too 

igh. 
After completing the above test slack off on safety valve, setting it so 
that it will begin to open at about 100 Ibs. pressure. 


51. Test of Capacity of Safety Valve. 


The relief valve may next be tested by first adjusting it to pop at 100 
Ibs., then shut the main outlet to pump, and then shut the hose gates one 
by one, and thus force all the discharge through the relief valve, meanwhile 
ppening steam throttle, so as to run pe first at two-thirds speed or 
about fifty revolutions per minute, and finally at full speed (seventy revo- 
lutions). The safety valve (relief valve) should carry all this and not let 
the pressure rise above 125 lbs. 

The pressure in a quick-moving fire-pump necessarily fluctuates 5 to 15 
Ibs. at different points in stroke, and an air chamber of reasonable size 
cannot wholly remove this. Therefore the safety valve must be set at 
about 15 lbs. higher than the intended average working pressure; other- 
wise it will get to jumping with almost every stroke. 


52. Test of Internal Leakage or Slip. 


Set safety valves at 115 Ibs., shut all water outlets, admit steam enough 
to give 100 Ibs. water pressure, then pump will move very slowly under the 
influence of the leakage past plungers; about one revolution of pump per 
minute shows a proper accuracy of fit. Anywhere from one-third to two 
revolutions per minute is satisfactory. 

Too tight a fit is bad, as if not exceedingly uniform it induces scoring or 
fretting of the metals, Moreover, should pump happen to be run dry for a 
few minutes before catching its suction a slight warming and expansion of 
the plunger may cause it to stick and fret. 
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53. Test With Maximum Working Pressure. 


For this, alternately shut down the main outlet gate and adjust the hand- 

wheel of the safety valve, and open up on the throttle as may be required, 

running pump at say one-half speed (or, in experienced hands, at full 

rated speed), and note the greatest water pressure which the full boiler 

sdgids nfaitens boiler pressure is above 85 Ibs.) will yield with pump at 
speed. 

Sometimes it may be necessary to. force water through very long lines of 
hose, or to an unusual height. 

Steam fire engines are not infrequently called on to give 200 lbs. per 
square inch water pressure. 

To test short hose lines with anywhere near so high a pump-pressure is 
dangerous, lest the nozzle kick and pull itself away from the man holding 
it and thresh around; but the ability of the pump may be tested by putting 
this high-pressure delivery mainly through the safety valve, or in part 
through the partially closed main outlet gate. 

It is not advisable to carry this water pressure above 200 Ibs. in the field 
test, although in the shop test the water pressure is carried to 240 lbs., and 
engine driver should stand with his hand on the throttle, 


54. Test for Maximum Delivery. 


This can best be tried by adding one or, in some cases, two more 
streams than the pump is rated to deliver by attaching the extra lines of 
hose to some hydrant near, and then speed up the pump gradually, to see 
ee fast it may be run before violent pounding or slamming of valves 

egins. 

Sometimes the increased delivery can be drawn off through an open 
hydrant-butt meanwile holding sufficient back pressure to show 100 lbs. on 
the water gauge by partly closing the discharge valve. 

The engine driver should stand with his hand on or near the throttle 
when thus speeding the pump. 

It is all right to run a fire-pump up to the utmost speed possible before 
water hammer begins, and very often a pump, while new and if favorably 
set up, can deliver 25 to 50 per cent. more than rated capacity; neverthe- 
less, although expert treatment can force 1,000 gals. from a 16X9XI2 
pump we can rate it as only a 750-gal. pump. There must be some margin 
to allow for wear and for the possible absence of the expert at time of fre 


The main points of difference between the “‘ National Standard” and the 
“Trade Pump” are: 

Brass plungers instead of cast-iron plungers. 

Wrought-iron side levers instead a fp 

Bronze piston rods and valve rods instead of iron or steel. 

Pump has brass-lined stuffing boxes instead of cast-iron. 

Rock shafts are brass bushed. 

Area of water valves is 25 to 50 per cent. greater. 

Steam and exhaust passages 20 to 50 per cent. greater. 

Suction pipe connections two to four inches greater diameter. 

Cushion valves better arranged. 

Air chamber is made much larger. 

Shells and bolting are warranted especially strong. 

The following necessary fittings are included in the price, and regularly 
furnished as a part of this pump, viz.: 

A capacity plate. 

A stroke gauge. 

A vacuum chamber. 

Two best quality pressure gauges. 

A water relief valve of large capacity. 

A cast-iron relief valve discharge cone. 

A set of brass priming pipes and special priming valves. 

From two to six hose valves. 

A sight-feed cylinder lubricator connected above throttle. 

A one-pint hand oil pump connected below throttle. 
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56. Suction Pipe. 


a—Where pump takes its water under a lift, the size of suction pipe 
should be in accordance with the following table: 


Lift Length 

not not Size of Pump (gallons per minute) 
exceeding exceeding 500 750 1,000 1,500 

10 ft. So ft: 8 in. * 8 in. 1o in. 12 in. 

To) ft, too ft. 8 in. 10 in. 10 in. 12 in, 

5 ft. 200 ft. 8 in, 10 in, 12 in. 14 in, 


Suction pipes longer than 100 feet are much better arranged by provid- 
ing an intake well as near as practicable to pump and supplying the well 
through a large tile pipe on a down grade from source of water supply. 
This inlet pipe to well should be provided with a gate valve. 

Lifts greater than 15 feet should be avoided, or an intake well provided 
permitting a short suction pipe, and-if necessary the pump depressed to 
reduce the suction lift to less than 15 feet. 

Where pump takes its water under a constant head, the size of suction 
pipe should not be smaller than given in the following table: 


Length ’ 
Head (ft.) not Size of Pump (gallons per minute) 
at least exceeding 500 750 1,000 1,500 
10 ft. 250 ft. 6 in. 8 in. 8 in. 1o in, 
1o ft. 500 ft. 8 in. 10 in. 10 in, 1ZeIm 
5 ft. 700 ft. ti bc a Co 8 o 12 in. 14 in, 


Long suction pipes should be avoided wherever possible, and when over 
500 feet long the inspection department having jurisdiction should be 
consulted. 

Each elbow used in the suction line should be considered equivalent to 
10 feet of pipe. A special reducing casting should be provided to connect 
pump suction opening with its suction pipe when of different diameter. 

The satisfactory operation of any pump depends very largely on the 
proper installation of its suction pipe. The great variety of condi- 
tions that exist in field situations make it difficult to state specifically 
the proper size and arrangement of pipe needed without making a special 
engineering investigation, but to guide one within safe limits and to avoid 
uncalled for expense in cast iron pipe, the above rules are submitted as 
giving roughly the limits within which it is advised to work. Where 
ey exists, the inspection department having jurisdiction should be con- 
sulted. 

b—A short suction pipe, if well supported, should preferably be of flanged 
pipe with rubber gaskets. If of some length oid in yielding soil, bell 
and spigot pipe should be used, and the joints filled with lead and tightly 
calked. Yarn and similar materials should not be used as a substitute 
for lead in suction pipe joints. 

c—Great care should be taken in laying the suction pipe, so that it shall 
have a constantly ascending grade from the water supply to the pump. 

If high places or summits are permitted, they are likely to give con- 
stant trouble by the accumulation of air, thereby cutting down the area of 
the pipt and reducing the amount of water possible to be delivered at the 
pump. 

d—The average situation does not require a foot valve, and this fitting 
should be avoided except in cases of very long suction pipes or very 
high suction lifts. Any foot valve that may be installed should have 
bronze seats and its valve faced with some suitable yielding material, 
such as leather, and should be of a design and construction that will not 
unduly restrict the flow of water toward the pump. The foot valve 
coee be so located as to be readily accessible and be provided with hand 
holes. : 

With a good efficient priming arrangement as described in Art. 46 no 
serious delay should be experienced for most situations. 


a 


ee. 


Water Supply for Private Protection 351 


Where foot valves are employed they often give a false sense of scurity, 
and it is frequently found that with a fire pump left standing several days 
the water will have leaked back, so that it is no better than if no foot 
valve had been used. 

A foot valve must of necessity generally be located where it is accessible 
for quick repairs, and as they grow old, foot valves are often a source of 
trouble. Where a suction pipe is exposed even slightly to frost, a foot 
valve is specially objectionable. 

When installed to aid a difficult situation they should be of a design 
having a clear water way fully equal to the suction pipe. 

e—Wherever a strainer is advisable, it should be so constructed and 
arranged that it can be cleaned or repaired without disturbing the -suc- 
tion pipe itself. A brass or copper wirt screen of about one-half inch 
mesh and No. ro B. & S. wire, secured to a frame sliding vertically at the 
entrance to the intake, makes a_ serviceable arrangement, and permits 
of ready cleaning and overhauling. The screen should have an effective area 
equivalent to at least five times the area of the suction pipe and preferably 
ten times. Double screens are advised, so arranged that either can be 
removed for cleaning while the other remains in Service. The ordinary 
combination foot valve and strainer should be avoided. See page 363. 

f—FExcept as provided for in the installation of steam pump governors and 
auxiliary pumps, the connecting of any other pipe to the fire pump suction 
should always be avoided, particularly the suction pipe of any auxiliary 
pump, such as a condenser or mill pump. 

It is sometimes claimed that the daily use of a second small pump drawing 
its water from the fire-pump suction is an advantage in that it insures the 
working order of the suction supply as a whole. This is only true to the 
extent of the smaller pump’s capacity, and is deceptive as to the pipes’ 
condition when called on to the full capacity of the fire-pump. It has 
frequently happened that a partially obstructed suction pipe or strainer, 
although supplying a smaller pump very well, will fail completely to sup- 
ply the fire-ppump at its rated speed. The liability of air leaking into the 
fire-pump suction from the auxiliary pump connection is also an objection 
to the connecting up of two suction pipes. For similar reasons, the use 
of one suction pipe by two fire-pumps should, if possible, be avoided. As 
a rule, where two fire-pumps have taken water through the same suction 
pipe as good results have not been obtained as where the suction pipes were 
entirely separate. 


58. Steam Pipe. c—lIn general, a reducing valve should not be placed 
in the steam pipe supplying the fire pump. 

At plants employing high pressure steam there is a-growing tendency to 
introduce a reducing valve between the boilers and the fire pump, on the 
ground that such a valve would better protect the fire pump and the con- 
necting fire system. However, any valve of this sort introduces a possible 
obstruction in the steam line in case it becomes disarranged, and in most 
cases the desired protection can be obtained by connecting a steam pop 
safety valve to the steam chests of the pump and set to pop at about 100 
Ibs. This valve should be piped outside of the pump room, and if pos- 
sible to some point where the discharge could be seen by the pump 
attendant. 


59. Exhaust Pipe. The exhaust pipe should run direct to the atmosphere, 
and should not contain valves of any sort. It should not be connected with 
any condenser, heater or other system of exhaust piping. If long, and 
containing many elbows, the next larger size pipe than that specified in 
Art. 39a should be used. 
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STEAM PUMP GOVERNORS AND 
AUXILIARY PUMPS 


117. Where the automatic supply, other than steam fire pump, 
is of light pressure or limited capacity, such for instance as 
small or low gravity tank or poor water works system, it is often 
advisable to make the steam pump automatic and thereby the 
primary water supply. 

118. Factors that make for automatic pump interruption in- 
clude excessive wear, requiring comparatively frequent repairs, 
interruption of steam supply, and regulator troubles. While the 
record of the automatic pump has been good, it is not as satis- 
factory a primary supply as a water works connection, gravity 
tank, or pressure tank. 

119. There are two ways of making a fire pump automatic; 
the one through the use of a pressure regulator which keeps the 
pump crawling to maintain desired pressure, and the other 
through the use of an auxiliary pump. In the latter case, both 
pumps have governors, but by setting the one on the auxiliary 
pump some 10 lbs. higher, the larger pump is stalled until a drop 
of pressure, such as produced by opening of a few sprinklers or 
turning on of a hose stream, automatically puts the big pump 
into service. The auxiliary pump supplies leakage in mains, 
ordinary waste, and maintains pressure. Fig. 46 illustrates three 
approved methods of connecting auxiliary pumps and governors. 

120. To keep pump crawling causes excessive wear on the 
bronze bushed and rodded pump, and consumes, with a 1,000-gal. 
pump, several hundred dollars worth of steam per year. To use 
an auxiliary pump is better practice. 

121. A governor is sometimes provided to run the fire pump 
at steady pressure at time of fire, but an attendant should always 
stand by a pump so operating. 

122. Every governor on a fire pump should be placed on a by- 
pass between two valves, a throttle valve giving control independ- 
ent of governor. 

123. Numerous types of governors have been sold for fire 
pump service, some of which are not adapted to this use and 
naturally have been found wanting. Simplicity is of much value, 
as it tends to make the governor more reliable. Governors with 
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pistons and small ports are perhaps more sensitive than the 
simpler types, but are more likely to stick or fail to operate prop- 
erly when suddenly called upon for heavy service. 


NATIONAL BOARD RULES 
(Edition of 1915) 


124. The following extracts of the regulations of the National 
Board of Fire Underwriters for the installation and use of 
Steam Pump Governors and Auxiliary Pumps are reproduced as 
being of general interest. 


GENERAL RULES. 


Automatically controlled pumps are not acceptable as the sole primary 
water supply for automatic sprinklers. 

Where there is a good gravity supply it is not advisable to equip the fire 
pump with an automatic governor. 

Whenever it is necessary to use an automatically controlled pump an 
auxiliary pump should always be provided to maintain the pressure and 
supply leakage. 


AUXILIARY PUMPS. 


Auxiliary pumps should be of duplex type, brass fitted and with packed 
pistons or exterior packed plungers. 

43 X 2X 4-in. pump has been used in many situations with good satis- 
faction. A 43X24x4-in. would probably answer equally well in most 
cases and have the advantage of some greater capacity. Where a larger 
capacity is needed, as in very large pipe systems, a 5}X3x5 in. would be 
advised. These pumps are large enough to have good lifting ability and 
they are of sufficient capacity to take care of all ordaans? leaks and wastes. 


INSTALLATION OF GOVERNORS AND AUXILIARY PUMPS. 


Pump governors and auxiliary oP should be arranged in accordance 
with one of the three Plans, “ A,’ “B” or “ C,” shown in Fig. 46. 

This applies to the scheme of connections and number and location of 
valves, but not to the exact position of the auxiliary pump and connect- 
ing pipes. 

The main pump and the auxiliary pump must have separate governors 
made entirely independent by a valve on the water connection of each. 

he size of governors for the main pump should be as follows: 

For 500-gal. pump, 14-in. governor. 

For 750-gal. pump, 14-in. governor. 

For 1,000-gal. pump, 14-in. or 2-in. governor. 

For 1,500-gal. pump, 2-in. governor. 

The size of the governor is restricted in this way in order that the pump 
may not run too rapidly for safety in the absence of an attendant, in case 
of an excessive demand for water, or of a loss of its suction supply. When 
in case of fire, the attendant reaches the pump, it is expected that he will 
control it through the regular throttle valve. However, with the boiler 
pressures now common, these governors will run the pumps at good speed 
and often at full speed. 

The governor for the auxiliary pump should be }-in. connected into a 
4-in. steam pipe. 

A pipe larger than }-in, is undesirable, as it would permit excessive 
racing of the small pump if the pressure in the main system were low. 
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. governor is required to get the working parts large enough to be 

The auxiliary pump should have an independent exhaust: 

If the auxiliary pump exhaust is connected into the exhaust of the main 
pump there is danger of water collecting in the large pump pipe and caus- 
ing trouble. 

The water pressure pipe controlling the governors must be of brass. It 
must connect beyond the main pump discharge check and must have con- 
trol gates as called for in Art. 2. 

Brass is required to avoid trouble from corrosion. 

Lubricant must be applied so as not to pass through governors before 
entering pumps, unless manufacturers specify otherwise. 

Unless the governors are designed for it there is danger of the oil gum- 
ming up the parts. : 

The governor for large pump to be installed on usual “ three-valve ” by- 
pass arrangement of steam piping. : 

This is shown in the cuts, a valve being provided on each side of the 
governor while the governor itself is on a by-pass around the main valve. 
This permits shutting off the governor for repairs and still have steam 
available on the pump through the main throttle. 

The auxiliary pump should have a relief valve capable of discharging full 
capacity of pump without letting pressure rise more than 25 lbs. above 
that at which governor is set. 

This is to prevent the small pump putting a dangerous pressure on the 
system. In some cases the large pump governor is also available for the 
ae pump, but where this is not so a special governor must be provided 
or it. 

Duplicate governors, or duplicates of wearing parts, should be kept on 
hand in all important installations. 

This is to avoid delay in repairs. 

The governor on the auxiliary pump should usually be set at about 10 
pounds higher water pressure than the governor of the main pump. 

This is to give some margin so that the large pump will not start with 
small changes in pressure. 

An auxiliary pump will not operate successfully unless the water end 
stuffing boxes and joints and suction fittings complete of the main fire 
pump are in good condition. Further, there should be no serious leaks in 
any part of the fire system. : 

Under proper conditions the small pump will move slowly all the time, 
making just enough strokes to maintain the small leakage which exists in 
any considerable equipment. The large pump will remain quiet until there 
is a demand for water by sprinklers or hose streams. 


FIRE DEPARTMENT CONNECTIONS 


125. It is obvious that a private fire protection system in or 
adjoining a city should be designed to permit water from fire de- 
partment steamers or gasolene pumping engines and through 
high pressure system hose lines to be supplied to such private 
protection. This is especially important where the private sup- 
plies are limited, as when secured from gravity and pressure 
tanks or from pumps drafting from reservoirs or suction tanks. 
The superiority of automatic sprinklers as a fire extinguishing 
agent over outside hose streams is so marked that even the city 
_fire departments, which on the whole were slow to recognize the 
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great value of sprinklers, now generally realize the advantage of 
connecting hose lines to fire department connections promptly 
upon arrival at the plant or building. A fairly common rule is 
that the second steamer or the second hydrant line shall be at- 
tached to such a connection. Nevertheless, a very large per- 
centage of existing fire department connections are not used 
when an opportunity offers, and property owners should assure 
themselves that these connections are in order, that fire depart- 
ment officers know of their location, and that orders are issued 
to use them in event of fire. 

126. It should be borne in mind that the automatic sprinkler 
is an exceedingly valuable aid in preventing conflagrations or 
spread of fire from one building to another. Exposure fires 
may open up a large number of sprinklers on account of unpro- 
tected wall openings, and in such cases more than ordinary water 
supplies are required. 

127. Such connections should be located so as to be available 
in case of exposure fires. This will often mean having con- 
nections on two or more sides of a building, so that in case one 
street front is not accessible at time of fire, the fire department 
can connect up on another street. 

128. The relatively small cost of fire department connections 
is an additional argument why they should be generally provided 
where there is public protection available. 

129. The two forms of fire department connections now in use 
are the siamese connections and the pumping hydrants. 


SIAMESE CONNECTIONS. 


130. While fire department connections occasionally have three, 
four, and even six outlets, the double or siamese connection is 
commonly employed. 'These connections are almost universally 
used as a source of supply to a single building, and separate con- 
nections are commonly provided for automatic sprinklers, open 
sprinklers, and standpipe service. 

131. Modern design of siamese connections calls for caps of the 
type that can readily be removed by breaking if necessary. 

132. Section J of Sprinkler Rules, covering Fire Department 
connections, are as follows: 
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FIRE DEPARTMENT CONNECTIONS 
(Automatic Sprinkler Rules—Edition of 1922) 


p 67. Recommendations—In addition to the above required double supply, 
it is recommended that a siamese hose inlet pipe to sprinkler system be 
provided for connection from hose or steamer of public fire department. 


68. Pipe Size.—Pipes size shall be not less than four inches for steamers 
and six inches for fire boat couplings, and each connection shall be fitted 
with a straightway check valve, but not with a gate valve. Siamese con- 
nections should be provided with check valves in the ‘‘Y.” 

Connections should be so located as to provide for prompt and easy at- 
tachment of hose. 


_69. Drain.—Each connection should be arranged to properly drain the 
piping between the check valve and the outside hose coupling, and a ball 
drip having a half inch pipe connection and a half inch orifice and a 
bronze ball of proper size should be provided and where necessary ar- 
ranged to drain preferably to a sewer or other satisfactory place. See Fig. 
119, page 573. 

70. Where Attached.—To equipments having a single riser, attach on the 
system side of the gate valve in the riser for a wet system, but between 
the dry valve and the gate valve for a dry system. 

To equipments having two or more risers attached on the supply side of 
the gate valves, so that with any one riser shut off the supply will feed 
all the remaining sprinklers. 

Any underground pipe used to attach Fire Department connections to 
system should be cast iron, and the wrought and cast iron pipes should be 
properly strapped together. 

All Fire Department connections should be so arranged that they have 
proper support. 

71. Threads.—Each hose connection should be made of good bronze, 
having thread to fit coupling of public fire department. The body of the 
check may be of cast iron, provided the hose thread and that portion of 
the coupling upon which the swivel turns, and also the valve seats, be 
constructed of good bronze, and all properly secured. Standard cast iron, 
malleable iron or brass caps, properly secured, and arranged for easy re- 
moval by public fire department, should be provided in each connection, 

Each hose connection should be designated by raised letters at least 1 
inch in size, cast in the fitting in a clear and prominent manner and reading 
for the service designated, viz.: “Auto. spkr.’’ or “Open spkr.” 

72. Number of Connections.—Should be specified in each case by the 
Inspection Department having jurisdiction. 


PUMPING HYDRANTS. 

133. To meet the situation of an underground fire system 
which may feed hydrants, sprinklers, and standpipes, being in 
turn supplied with water from ‘public sources, there has been 
designed a pumping hydrant which is illustrated in Fig. 47. It 
can, of course, be used with or without a city water connection. 
The following is a description of this form of installation: 

A is a pumping hydrant, being simply a siamese head on a 
vertical pipe. It can be located either at the curb or at the prop- 
erty line, whereas the ordinary siamese connection is attached 
directly to building wall. A hydrant with female threads could 
also be used. ri 
13 
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B is a drain normally open, to prevent freezing of system in 
winter. 

C is check valve in pumping connection. 

D is repair valve, normally chained open, to enable repairs 
without cutting off city connection. Such a valve is forbidden by 
some insurance jurisdictions. 

E is repair valve, normally open, to enable meter and city con- 
nection check valve to be worked on without shutting off pump- 
ing hydrant. An O. S. & Y. valve may be required on each side of 
meter. 
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Fic. 47. Meterep WATER Works CONNECTION TO PRIVATE SYSTEM. WITH 
FirE DEPARTMENT CONNECTION 


F is city connection check valve working against private water 
supply. Double checks to prevent pollution can be used where 
necessary. See Fig. 40. 

G is fire service meter, advisable if any form of meter is re- 
quired. 

H is city main connection laid in same trench with pumping 
hydrant line. 

J is city valve at street main. 

K is city hydrant with steamer connection, located, if possible, 
within one hose length of the pumping hydrant. 
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REQUIREMENTS FOR ELECTRICAL DRIVING 
AND CONTROL OF FIRE PUMPS 


134. As indicated in section on “ Centrifugal Pumps,” electric 
drive for such pumps is now being used extensively, and it is 
entirely feasible to use motor drive for reciprocating or for rotary 
pumps. 

135. Standard motors unquestionably are capable of reliable 
service in case of fire, providing their current supply is safe- 
guarded and providing they are protected against leaks or spray 
from pumps or piping. 

136. Generally speaking, overhead service through city streets 
or alleys to a city plant is not safe, and underground service, 
unless on a special line from a sub-station or power station, is 
not proof against interruption by fire in some other plant. Spe- 
cial overhead lines in districts where these will not be appreciably 
exposed, and particularly where there is a duplicate feed to the 
plant, may be entirely satisfactory. 


NATIONAL BOARD RULES 
(Edition of 1921) 


137. The following extracts from the regulations of the Na- 
tional Board of Fire Underwriters for the installation of Elec- 
trical Driving and Control of Fire Pumps are of interest because 
general in character. 


Before installing an electrically driven pump the matter should be taken 
up with the Inspection Department having jurisdiction in order that an 
investigation may be made to determine whether the reliability of the cur- 
rent supply is such as to make the electric service dependable... The 
question of reliability of the service depends on so many factors that in 
many cases it can only be settled on the ground. 

All details of construction, materials and apparatus pertaining to electrical 
equipment, except as modified or provided for by these requirements, must 
comply with the requirements of the National Electrical Code. 

71. Power Station. a—When current is taken from a single power 
station the station must be of non-combustible construction, so located or 
protected as to be free from chances of serious damage by exposure from 
fire, and the design and arrangement of apparatus within it such that there 
will be but little chance of interruption of service. _ 

b—Where current is taken through a sub-station, this sub-station must 
also meet the requirement of Section a, and in addition the number and 
arrangement of cables between the station and the. sub-station must be 
such as to practically guarantee continuous power at the sub-station. ; 

c—Where service cannot be obtained from a power station or sub-station 
meeting these requirements it must be obtained from two or more stations 
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or sub-stations so located and equipped that an accident or fire at one will 
not cause an interruption of the service supplied by the others. 

A private generating plant located on the premises served by the fire 
pump, if in a separate power house or cut off from main buildings, will 
be considered as a power station, and may be used as one source of current 
supply. 


72. Transmission Lines. a—The lines between the power plants and 
the pump room must be of such number, so arranged and so located that 
there will be small chance of an interruption of service to the motor, due 
to accident to the lines. All wiring in the pump room must be in ap- 
proved conduit. ; 

Where the values involved are large and the crippling of this pump 
service would seriously affect the protection of the property, at least two 
separate lines from the power plant or plants to the pump installation 
must be provided. The lines must be run by separate routes or in such 
manner that a failure of both at the same time will be only a remote 
possibility. 

Where current is taken from an underground Edison 3-wire system it 
will be considered that two independent lines have been provided if 
connections are brought into the pump room from two street mains or 
feeders not terminating directly in the same junction box. 

A complete underground circuit from generating station to pump is 
strongly recommended and should be obtained when practicable. When 
such construction is not available, an overhead circuit may ~be allowed, 
but that part of the circuit adjacent to the plant or exposing plants must 
be run with special reference to damage in case of fire. Where the 
pump room is a part of, or in close proximity to, the plant which the 
pump is designed to protect, the wires for some distance from the 
pump room must be underground. 

b—Each line between the power plant and pump room must be of such 
size that its safe carrying capacity, as given by Rule 18 of the National 
Electrical Code, will. not be exceeded by the load carried. 

Where direct current motors are used, the voltage at the motors must 
not drop more than 5 per cent below the voltage rating of the motors 
when the pumps are being driven at rated output, pressure and speed, 
on the lines between motors and power stations are carrying their peak 
oads. 

When alternating current motors are used, the voltage at the motors 
under these same conditions must not drop more than 8 per cent. below 
the voltage rating of the motors. 

c—The overload protective devices at the power plants, and where 
provided at various points on the lines, must be of such rating and so set 
that they will open the circuit only under short circuit conditions. 

Approved fuses may be used, if desired, except for the protection of 
the pump motor where circuit breakers are required. The fuses, however, 
must be of such size that an overload or short circuit at the motor or 
its control apparatus will not cause them to open the circuit, but instead, 
the circuit breaker protecting the motor. 


73. Transformers. a—Transformers must be located in a separate non- 
combustible, well-ventilated building or room thoroughly cut off from other 
buildings or rooms. Access to room must be from the outside of the 
building. Transformers may be located outdoors by special permission 
where conditions are favorable. 

b—Transformers supplying current to the lights and motors in the 
buildings served by the fire pump may also supply the pump motor, 
provided all load except the pump motor load can be quickly cut off when 
necessary. Switches for doing this must be in the pump room unless 
transformer room is near pump room, in which case they may be in trans- 
former room. 

e—Room containing transformers installed solely for the purpose of 
supplying current to a pump motor must be dry and heated in cold 


weather, or else the transformers must be normally left connected to the 
supply lines. 
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_ T4. Motors. a—Direct-current motors must be of the shunt: or cumula- 
tive compound wound types. The speed of the motor at no load must not 
exceed the speed at full load by more than 104. 

Alternating current motors must be of the wound rotor or the squirrel 
cage induction type. The squirrel cage motor must not be used except 
when the conditions are such that it will surely start and attain full speed. 

The above rule regarding alternating current motors will prevent the 
use of the squirrel cage motor with pumps of the positive displacement 
types, such as rotary and plunger pumps, and will require that the 
electric service be such that the heavy starting current will not cause 
the voltage to drop sufficiently to prevent the motor starting. 

b—Motor must be of such capacity and design that at rated voltoge its 
full load ampere rating will not be exceeded when the pump it drives 
is delivering its rated output at specified pressure and speed and when 
running under this load continuously or until no‘ further rise-in tempera- 
ture occurs. The rises in temperature at its various parts above the 
temperature of the surrounding air must not exceed 40°C except that 
the rise in temperature in the field of a D.C. motor may be as much as 
50°C as permitted by the standardization rules of the American Institute 
of Electrical Engineers. : 

Motor designed for a temperature rise not exceeding 40°C when carrying 
its rated full load continuously must be able to carry an overload of 
25% for two hours immediately following a full load run without a tempera- 
ture rise at any part exceeding 55°C. Motor must be able to withstand 
a momentary overload of 50% without injury. No electrical or mechanical 
weakness should develop during these tests. 

Note. For proper sizes of motors to be used with pumps of different 
capacities see Article 42. 

c—Motor and control apparatus must be protected from water coming 
from. possible leakage, or breakage of any connection at the pump; or 
other piping in its vicinity, including hose lines which may be connected 
to the pump. 

This can probably be best accomplished by the erection of a non- 
combustible partition between motor and pump, extending from floor to 
ceiling, and laterally sufficiently far to protect the motor and other elec- 
trical apparatus not otherwise protected. Such an arrangement will per- 
mit the use of the open type of motor, and for most situations will prove ~ 
the least expensive. The enclosed type, with fan or blower system may 
be used, but preference is given to the arrangement described. _ 

d—Motor windings should be thoroughly impregnated, with water- 
proofing compound. ; 

e—Bearing shells and caps for motors must be of the split type on at 
least the driving end, to permit removal and replacement without disturb- 
ing the motor or shaft after installment. ; , ’ 

This is important to permit quick overhauling in, case, bearing becomes 
heated or damaged after being assembled’ with pump on its bedplate. 


138. The rules also go into minute detail regarding Controlling 
Equipments, both manual and combined manual and automatic 


types. 
ROTARY FIRE PUMPS 


139. The so-called rotary pump is one of the oldest types of 
fire pump, and is generally found in mills and factories driven 
by water power. It is simple in construction, cheap, but waste- 
ful of power. It is generally of the double shaft or twin type, 
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with cams or buckets which intermesh, pump being usually direct 
connected by a spur gear or gear clutch or by a friction gear. 
This class of pump, while as a whole giving fair fire service, 
has been more or less unreliable, due to rusting of the pump 
itself, breaking of the buckets, or trouble with friction or spur 
gears. 

140. Other deficiencies have included pipe connections of in- 
sufficient size, generally weak construction, lack of air cushion 
chamber, and lack of relief valves and hose valves. Further- 
more, these pumps are generally located in basements, not easily 
accessible at time of fire, and, as they frequently have little or 
no care, it is not surprising that they often fail when called 
upon. 

141. Unquestionably, the use of the rotary form of pump is 
decreasing, and that of the centrifugal pump increasing. The 
standard rotary pump, however, properly installed and properly 
supplied with power, is a very efficient fire fighting device. 

142. The location of the pump is of primary importance. It 
is only a makeshift to arrange the pump to control from the 
outside, when it is located in some inacessible place. The pump 
naturally requires careful maintenance, frequent operation, and 
liberal oiling. 

143. The power required to drive rotary pumps varies, but 30 
h.p. per 250 gals. per min. at roo lbs. pressure is believed to be 
a safe maximum. 


CENTRIFUGAL FIRE PUMPS 


144, The centrifugal pump is making rapid progress. It is 
especially adapted to direct connected electric and to steam tur- 
bine drive. It is found in service in city high pressure pumping 
stations, in water works, and in private plants for fire protection, 
as well as for domestic purposes. 

145. Generally speaking, there is no occasion for using a 
motor driven centrifugal fire pump in a plant which generates its 
own steam supply, for the electric current is one step further 
away from the primary power supply, and the cost of a cen- 
trifugal pump and motor is about twice as great as that of a 
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duplex steam pump of equal capacity. The electrically driven 
pump appeals, therefore, primarily to those who purchase their 
power from a public utility, or who must locate their pumps at a 
water supply far from the boiler house. 

146. Available field experience, the authors believe, warrants 
the statement that the best makes of centrifugal pumps are as 
reliable as steam fire pumps insofar as the water end is con- 
cerned, and that the chief problem which requires consideration 
is the safeguarding of the current supply in the case of electric 
pumps and the steam supply where turbine drive is used. The 
centrifugal pump has some real advantages over the under- 
writers’ steam pump, such as smoothness of action and _ less 
danger of developing excessive water pressures. There are sev- 
eral makers of centrifugal fire pumps who furnish reliable appa- 
ratus, but the manufacture of these pumps has hardly reached 
the uniform excellence of the underwriters’ steam fire pump. It 
is very advisable to purchase the pump and motor or steam turbine 
complete as otherwise there is divided responsibility. See Fig. 
49 for illustration of a standard two-stage centrifugal fire pump. 
Single-stage high pressure pumps are also available for fire duty. 

147. A centrifugal pump should preferably receive its suction 
under at least a slight head, as it is absolutely incapable of pick- 
ing up suction without priming. See also page 350. 

148. The section bearing on requirements for electrical driv- 
ing and control of fire pumps, covers the electrical features of a 
centrifugal pump installation. 

149. The \power required to drive centrifugal pumps varies 
less than with rotary ones. 25 h.p. per 250 gals. per minute at 
100 lbs. pressure is the usual figure given by manufacturers. 

150. One excellent arrangement available in plants that have 
both domestic and fire pumps of the centrifugal type is to have 
the fire pump backed up by two lower pressure domestic pumps, 
placed in series at time of fire, which is readily possible through 
valve manipulation, providing one of the pumps has a casing 
strong enough to stand the higher pressure. The water supply 
for fire may, of course, be secured solely from moderate pressure 
domestic single-stage pumps placed in series at time of fire. 
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STAGE CENTRIFUGAL FirE PuMP 


(Courtesy of The Goulds Manufacturing Co.) 
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151. Fig. 50 shows a model installation of this kind, and will 
bear careful study. 
a—The plant is at Niagara Falls where unusually reliable elec- 
tric current supply is available. 
b—A and B are one stage 65 lbs., 1,350 gals. per minute cen- 
trifugal pumps, normally supplying the domestic system 
which is separate from the fire system. 
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Fig. 50. Mopet CENTRIFUGAL PuMP INSTALLATION. 


c—C is two stage 130 lbs., 1,350 gals. Underwriters’ pump re- 
served for fire duty. 

d—All pumps draft from a reservoir which is filled by gravity 
line from river. Priming connections from city main 
and from domestic system are not shown. 

e—In case C cannot supply enough water, 4 and B are thrown 
in series by closing valves 10, 12, and 15 and by opening 11. 

f—Domestic pressure is ordinarily on fire system through 
valve 14. 

g—Valve I is emergency fill connection for reservoir. 
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h—Valve 4 is ordinarily closed, but if opened, in conjunction 
with operation of valves 5 and 6, city main can be used 
to feed domestic system while A and B feed fire system, 
or feed fire system, or both systems at the same time. 
i—Valves 1, 4, and 11 are ordinarily closed. 
j—Valves 2, 7, 9, are required to permit check valve repairs 
and cleaning without affecting the balance of the system. 
k—AIll valves are O S and Y type, in plain sight in fireproof 
pump room. 
The important point is that, with almost no additional expense, 
it is possible through putting domestic pumps in series to secure 
a high pressure water supply. 


NATIONAL BOARD RULES 
(Edition of 1921) 


152. The following extracts from the regulations of the Na- 
tional Board of Fire Underwriters for the installation of Cen- 
trifugal Fire Pumps are reproduced as being of general interest. 


The commercial centrifugal pumps now in use for various purposes are 
of such different types and so often are weak in construction details, have 
small water passages, and have working faces of corrodible material, that 
for fire purposes it has been considered necessary to require improvements 
in these features in order to make these pumps satisfactory for the severe 
and peculiar conditions of fire duty. Pumps built in accordance with these 
specifications will have: ; 

a—Rugged construction and ample strength in all parts. 

b—Liberal water passages. : 

c—Working parts of non-corrodible material where exposed to corrosion. 

d—Several special fittings, such as discharge casting, hose valves, ca- 
pacity plate, pressure and vacuum gauges. 


40. Stages. 
The pump must be of not less than two stages and not more than four. 
To obtain a fire pressure of 100 Ibs. two stages at least appear to be 
necessary, in order to avoid very large impellers and to secure a reason- 
ably good efficiency. 
41. Capacity and Speed. 
(a) The four standard sizes for centrifugal pumps will be as follows: 


Size of Pump 


Gals. per min. No. 1% in. Streams 
500 2 
750 3 
1,000 4 
1,500 6 


(b) The speed of pump must not exceed 1,800 revolutions per minute. 

Centrifugal pumps will be most frequently driven by electric motors, and 
it is desirable to bring their speeds into conformity with the larger number 
of standard motors now being built. 


368 _ Handbook of Fire Protection 


_ Somewhat higher speeds, not to exceed 2,500 r.p.m., may be allowed for 
pumps driven by steam turbines. But in such cases permission should be 
obtained from the inspection department having jurisdiction. 

Steam turbines must be capable of driving pump at rated speed and pres- 
sure, with steam pressures varying from 75 to 150 lbs. 


42. Efficiency and Power. 


The pump must be able to discharge its full rated capacity at its rated 
speed against 100 lbs. pressure, with substantially a zero suction lift, and 
at an efficiency not less than as given in the table following: 


Size of Pump Efficiencies 
500 gals. per minute 50 to 55 
750 gals. per minute 55 to 60 

1,000 gals. per minute 60 to 65 
1,500 gals. per minute 65 to 70 


55. Suction and Discharge Openings. 


(a) The openings provided in the pump casing for suction and discharge 
must not be less than as given below: 


Size of Pump (gals. per minute) 


500 750 1,000 1,500 
DMCHON Tle. «i saterecccpele seed Sore - $06 sins 8 in. 8 in. 10 in. 
Discharge Outlets. 4a ce exten ieee cale-« 6 in. 8 in. 8 in. ro in. 


G1. Gauge for Suction Inlet. 


A compound pressure and vacuum gauge must be provided and con- 
nected to suction pipe near entrance to pump. 


INSTALLATION OF CENTRIFUGAL PUMPS 
69, Driving Connections. 


Centrifugal pumps will probably be driven by electric motors in most 
cases, though any reliable form of prime mover may be adapted to the 
service, The preference will naturally be for such driving methods as per- 
mit of a direct connection without speed-changing devices. With motor 
driving the main question will be the reliability of the current supply, and 
this ean be determined only by a careful study of the conditions in each 
case. 

Where the speed of motor or prime mover is not the same as pump 
speed, the transmission may be either by a single pair of cut spur gears, 
preferably of the herring-bone type, or a silent chain drive of approved 
construction, 


70. Tests for Acceptance. 


(a) The pump must be able to discharge its full rated capacity at 100 
Ibs. pressure at the pump, assuming a zero suction lift, and main- 
tain this condition indefinitely without objectionable heating of 
bearings or at motor, or exceeding the rated power of the motor 
and with an efficiency not less than specified in Article No. 42. 

(d) If provision is made for varying the speed of the motor, try the 
motor at different speeds under conditions which would be likely 
to be met with in case of fire, noting quantities and pressures, and 
compute efficiencies. Under all conditions the motor and pump 
should run smoothly and without trouble in any part which would 
prevent continuous running, should occasion require it. 

(e) Let all water out of the suction pipe, note the lift, and make several 
tests to determine how long it takes the priming apparatus to get 
the pump again into service. Especially note whether the pump 
shows any sign of heating or other distress where the priming 
equipment requires it to be run a short time before it is flooded 
with water, , 
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STEAM TURBINE DRIVEN PUMPS 


153. The 1923 N. F. P. A. Proceedings contain the tentatively 
adopted rules for the use of steam turbines for driving centrifugal 
pumps. The essential points are: 

a—Reliable steam supply, adequate to operate pump at 25 per 

cent. above rated capacity with 80 lbs. steam pressure at 
the throttle. 
b—Maximum speed of 2500 R.P.M., governor to control within 
5 per cent. of rated speed, and independent emergency 
governor set 20 per cent. above rated speed. 

c—Substantial bed-plate for pump and turbine, and great care 
to secure alignment to avoid heating of bearings. 


GASOLENE ENGINE DRIVEN PUMPS 


154. The reliability of modern gasolene engines as regards 
starting and continuous running makes them available as a sole 
source of power for centrifugal pumps or as a stand-by for steam 
turbines or electric motors where these do not have entirely re- 
liable sources of power. Gasolene drive is not considered the 
equal of steam or electric drive taking power from well guarded 
sources. The 1921 National Board regulations give details regard- 
ing all essential matters, pertaining to engines, power, speed, fuel, 
and ignition. Items of interest to the man in the field are: 


In view of the character of the gasoline fuel these equipments should 
not be installed in depressed pump rooms. 


96, Engine. 

a—Engines for fire pump service must be of the four cycle type, and 
must be specially rugged and reliable. They must be at least the equiva- 
lent in all essential respects of the best grades developed for high speed 
motor boats. 

b—There must be provided a self-starting ipsa, sara operated by a 
storage battery of ample power and also a manual starting arrangement 
to be available in case the self-starting arrangement is out of order. 
Means for recharging the storage battery must also be provided. 

Sufficient storage battery capacity must be provided to operate the 
starter continuously with spark and gas shut off for a period of 24 
minutes. 

d—The lubrication for main and crank bearings must be of the force 
feed type employing a hollow crank shaft, not depending upon the splash 
of cranks for oil distribution. Easy access must be provided for the oil 
strainer and a sight feed or oil pressure gauge provided where it can be 
readily seen. ; 

A reliable indicator should be provided to show the quantity of oil in 
the crank case. 

For the lubrication of piston and wrist pin, dependence is placed upon 
the splash system. — 
; ei there must be two separate systems of electric ignition, one of 
which must be of the magneto type. The two sets of spark plugs must 
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be fitted for each cylinder and the ignition systems so arranged that the 
motor can be started and run from either. 


97. Power. ‘ 
b—Engines must develop at least the power shown by the following 


wae Required Power of Engine 


Gallons Per Minute at Normal Rated Speed 
ey OOMe Seteta thal siereielete on Reon, ase es letra +. 75 Horse Power 
FE OM Gs a 5(o:5:ai4 e+. 0[eyh fo a[dibe old op ind rosie efoj> Set OOyLLorsey Power 
MOGOP ake cio.Aeal's Sc /crayane) ater aelahe shor et aye Cetate alate ce 125 Horse Power 
TiS COs eraty sie Sie vate, olale/e avetpis at Strom vere emlG sere wrat Wirayeira 168 Horse Power 


Until an engine be developed closely fitting the 750-gallon pump, it 
will be necessary to use the engine for the 1000-gallon pump outfits. 
Under these conditions, the cost of the 750-gallon pump and engine will 
be so near the cost of the 1000-gallon pump and engine that purchasers 
will find it to be an economic measure to buy the 1000-gallon pump outfit 
in lieu of the 750 gallon. ‘ 

c—The engine must be directly connected to the pump without any re- 
duction gearing or belting. For special cases where displacement pumps 
are used, requiring a lower speed, the engine may be connected to the pump 
by means of a helical gear or a silent chain drive of ample capacity. 
The pump shaft should be connected to engine shaft by means of a flexible 
coupling of suitable design. 


98. Speed. 


a—The normal rated speed, with present construction, will ordinarily be 
1200 R.P.M. and the maximum speed should never exceed 1500 R.P.M. 

b—A governor must be provided for engine capable of adjustment be- 
tween the speeds of 500 and 1500 R.P.M. 

c—The engine must be capable of running indefinitely at the rated speed 
of pump and have a range of speeds varying from about 50% of the normal 
speed to about 25% above the normal speed. It should do this without 
undue heating or other trouble. 

d—A suitable speedometer should be provided and connected perma- 
nently to the engine to show instantly the speed at which the engine is 
operating. 

99. Engine Details. 


b—Adequate means of quickly and effectively priming the engine must 
be provided. A suitable gasoline strainer so located as to be easy to 
clean and replace must be furnished with engine and connected close to 
the carburetor. A suitable flexible gasoline tube connection to the carbu- 
retor must be provided with the engine. 

h—A complete and durable book of instructions for the care and opera- 
tion of the gasoline engine and its accessories must be furnished with the 
engine. 

102. Gasoline Supply. 


a—The main gasoline supply tank should provide sufficient storage 
capacity for at least 36 hours’ supply for the engine at rated load. It 
should be located outside the pump room and in accordance with muni- 
cipal ordinances and requirements of inspection departments having juris- 
diction. Means must be provided for determining the amount of gasoline 
2 the storage tank. The tank should have standard fill and vent connec- 
ions. 

Allow one pint of gasoline per horse power per hour. For a 1,000-gal. 
pump this would mean about 500 gallons. 


107. Maintenance. 


_ Gasoline engines necessarily embody moving parts of such design and 
in such number that they cannot be relied upon to give reliable service 
unless given intelligent care. The manufacturer’s instruction book cover- 
ing care and operation should be preserved and pump operators should be 
familiar with its contents and should observe in detail all of its provisions. 

a—The engine and pump should be started as often as once a week and 
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run sufficiently long to make sure that the pump has its water and pres- 
—— raised and the engine and pump are running smoothly at rated 
speed. 

b—Keep gasoline storage tank well supplied. This tank should always 
be filled through a strainer funnel designed to withhold any water or 
other foreign matter that may be present in the gasoline. / 

The service tank should also be kept full. 

c—Keep the engine clean and dry and well lubricated. 

d—tThe storage battery should be kept charged at all times and tested 
frequently with a hydrometer to ascertain the condition of the cells and 
the amount of charge in the battery. 

e—Distilled water only should be used in storage battery cells and the 
plates should be kept submerged at all times. 

f—The pump room must be maintained ‘at all times above the freezing 
point. 

g—Maintain plenty of oil in the crank case and substitute new oil 
when it has become fouled or appreciably thicker. 

h—Keep two or three good extra spark plugs on hand. 


BOOSTER PUMPS 


155. Automatically controlled electrically driven centrifugal 
pumps. often termed “booster pumps,’ may be used as a means 
of providing a satisfactory automatic water supply for sprinkler 
systems, when the city supply pressure is inadequate for direct 
use. In several of the largest cities, pressures will not even take 
care of three- or four-story buildings. A booster pump can be used 
in connection with tanks, or as a single supply in place of gravity 
or pressure tanks. The electric supply for such an. installation 
should be safeguarded as set forth previously in this chapter. 

156. In many sections of our cities there is ample capacity and 
sufficiently large mains to give plenty of water for sprinklers, but 
the pressure is weak. The “booster pump” draws water from 
these low pressure mains and automatically raises the pressure 50 
or 10G pounds or whatever may be needed. A “ single-stage” 
pump will give about 50 pounds increase in pressure over the pres- 
sure in the city mains, and a “two-stage” will give about twice 
that increase These pumps are equipped with an electrical self- 
starting device set to start the pump at some predetermined pres- 
sure, the regulator being connected directly to the sprinkler system 
When the pressure in the sprinkler system is reduced say 20 pounds 
below the normal working pressure of the pump, as for instance 
when a sprinkler operates, the pump starts, raises the pressure to 
the working pressure, and maintains approximately that pressure 
up to the capacity of the pump. 

157. The record of automatic centrifugal pumps has not been 
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wholly satisfactory owing to lack of proper care, but the design 
of the pumps and automatic devices has improved, and reliable 
equipment is now available. The most radical development, and 
one which tends to place the automatically controlled electrically. 
driven centrifugal pump on a par with other. automatic water 
supplies, has been the application of central station supervisory 
service to this device. The Grinnell Company, Inc., has developed 
a method of supervision and test for booster pumps in conjunction 
with the A. D. T. supervisory service so that all important features 
in connection with the booster pump are under automatic super- 
vision, and the pump itself can be actually tested from the central 
station as frequently as may be desired and as completely as if an 
inspector visited the property. 

158. A © Booster pump” supply is equally applicable to wet and 
dry systems. The advantages of such a supply are: 


a—A high working pressure at the sprinkler. 

b—Unlimited supply of water at sustained heavy pressures. 

c—Suitability for old and weak buildings without structural 

changes. 

d—Absence of tanks to be maintained, heated, and kept filled. 

e—Absence of unsightly structure on roofs or in yards, with 

the attendant danger due to the enormous weight of such_ 
water tanks. 

159. The first completely supervised booster pump used as a 
single supply to automatic sprinklers was installed in New York 
City, in 1920, Fig. 51 shows a pump of this character with panel 
board, electric starting device, test valve, etc. 


GRAVITY TANKS 


160. The elevated wooden gravity tank is one of the oldest 
and most common water supplies for automatic sprinklers. Its 
cheapness and simplicity appeal to the property owner, and we 
still find in service many old tanks of small capacity, often 
hardly more than tubs, located in towers or over roofs only a 
few feet above the top sprinklers. Such a supply is woefully 
inadequate, especially when compared to the modern steel grav- 
ity tank of from 25,000 to 100,000 gals. capacity, located on steel 
trestle with bottom of tank 25 to 50 ft. above the top sprinklers. 
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[hese large tanks are becoming common and frequently are 
used to supply hose service as well as sprinklers. Furthermore, 
the steel construction and location away from the building tend 
toward safety. 

161. Many wooden tank collapses have taken place due 
chiefly to corroding of hoops and sometimes to weak construc- 
tion. These collapses frequently cause heavy property dam- 
age and sometimes loss of life. New round hoops (of proper 
size and spacing, according to the rules) will obviate the first 
mentioned danger. The flat hoop corrodes on the inside, fre- 
quently becoming very thin before being noticed. 

162. Wooden tanks, of any appreciable age, need careful in- 
spection to detect indications of rotting. Generally, inability to 
keep joints tight may be an indication of such trouble. Some 
competent judges feel that a wooden tank after fifteen years’ 
service is ready to be replaced. 


SIZE OF TANKS. 


_ 163. As pointed out on page 310, “ Necessary Capacities,” 
the size of the tank will depend on the conditions in each case, but, 
to be on the safe side, it is well to have tanks of liberal capacity, 
and from the commercial side this class of water supply is eco- 
nomical. Ten thousand gallon tanks are now generally considered 
the minimum, even for small risks, and 20,000 to 25,000 gal. tanks 
are probably more common today than 10,000 gal. tanks were 
twenty years ago. The simplest rule is to have a tank as large 
as is reasonable when considering the size of the plant, cost of 
equipment, and other features, at the same time using as a basis 
the probable maximum number of sprinklers that will be opened 
in any one fire and the length of time that these sprinklers must 
be fed by the tank in order to be sure of controlling the fire. 


ELEVATION OF TANKS. 


164. As indicated on page 300, “ Necessary Pressures,” the 
elevation of tank should be such as to give a good working pres- 
sure on the top line of sprinklers with several sprinklers oper- 
ating. This would generally mean a static pressure of not less 
than fifteen pounds, and, taking into consideration the height of 
tank, this would necessitate that bottom of tank should be not 


Water Supply for Private Protection 375 


CAGE LAOS 
SULALAEL 


i i \ dterratwes. Ladder fay 
.-Ve-3 bee 


Syp0ly Witte ieterivediate lwedireg 
OW Sars 


Fic. 52. Gravity Tanks, WOODEN AND STEEL ON STANDARD TRESTLES. 
Showing Properly Safeguarded Ladders, Stairs, and Platforms. 
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GRAVITY TANK TRESTLE COLLAPSE. 


Illustrating danger of tanks above buildings. 


53. 
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less than 25 ft. above top line of sprinklers, which is a very good 
minimum requirement. Elevation is even of more importance 
than capacity, for it is absolutely essential for the first few 
sprinklers that open to have a good working pressure. 

165. General specifications have been drawn up by the under- 
writers for steel tanks Such tanks can be purchased and 
erected through or by reputable contractors. Elevated tanks 
of concrete construction have been used in a few cases and 
appear to have considerable merit. Reinforced concrete is used 
for the construction of both tank and trestle, and while the initial 
expense may be more than for the steel tank, the maintenance 
expense should be less. 

166. The National Board Rules now bar gravity telltales, 
and make a mercury gage indicator practically a requirement. 
See Fig. 54. Approved sprinkler supervision devices are also 
accepted. See page 484. 


INSPECTION OF TANKS. 


167. Good practice requires that tanks be inspected at fre- 
quent intervals for such items as water level, freezing, corrosion, 
decay, and condition of telltale, which device will of course con- 
tinue in service on a large number of tanks. Weekly climbing 
of the tank trestle is often the rule. The danger of this operation, 
especially under sleet, snow, and wind conditions is frequently 
acute. The matter has been referred to specifically in the chap- 
ter entitled “ Relation of Accident Prevention to Fire Preven- 
tion.” Figure 52 shows proper safety provisions for wooden 
tanks, requiring platform, and for steel tanks not necessarily 
requiring platform. The illustration also shows the essential fire 
protection features. It also shows the use of the upper portion 
of the tank for domestic purposes, a practice not advisable where 
water carries appreciable sediment. 


HEATING OF TANKS. 

168. Exposed tanks used for fire protection purposes in cold 
climates’ always require heating, even where a_portion of the 
tank is used for domestic supply purposes. It has been customary 
in years gone by to use a brass coil in the tank or to discharge 
steam into the water. More recently the practice has been to use 
a special tank heater (generally employing steam) connected at 
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the base of the riser. See Fig. 56. The October, 1922, Quarterly 
of the N. F. P. A. contains an illustrated article on “ Heating 
Elevated Steel Sprinkler Tanks,’ which records tests from IQI7~ 
1922 made by the Factory Mutual Laboratories. Fig. 55 gives the 
resuits of these tests. The following is an explanation of the 
chart : 

a—Determine lowest average Fahrenheit temperature for one 

day in locality in question. 
b—Follow vertically on corresponding temperature line to proper 
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tank size, and read at right the B. T. U. required per 
hour to keep water at 40° F. f 
c—Select a tank heater capable of providing required heat 
units, taking into account temperature of steam (related 
to pressure) and weight of steam condensed. 
d—Riser’s require effective frost-proof boxing, which must be 
well maintained. Dry rot is especially to be feared. 
169. Figure 53 shows sprinkler tank trestle which collapsed 
owing to structural weaknesses and which caused serious build- 
ing damage. 


NATIONAL BOARD RULES 


(Edition of 1919) 

170. From the National Board Rules giving details of con- 
struction, installation, and use of Gravity Tanks, both wood and 
steel types, the following have been selected as bearing on in- 
stallation and maintenance. 


WOODEN TANKS 


1. Size. 

(a) The standard sizes of wooden tanks for fire protection are from 
oe a4 to 50,000 gals. capacity, although they are sometimes made 
arger. 

(b) The capacity of the tank should Teperacnt the volume of water ayail- 
able for fire service and is to be the computed volume between 
the maximum water level and the outlet level. 


3. Material. 

White cedar, cypress, white and red pine, Douglas or Washington fir 
(Oregon pine) or Redwood must be used. Lumber must be free from sap, 
loses or unsound knots, worm holes and shakes; and be thoroughly air- 

ried. 

Climatic conditions should be considered in selecting the most desirable 
wood for any location. 


5. Hoops. 

(a) The hoops must be round in cross section. 

(b) The strength of a tank depends chiefly on its hoops. Experience 
shows that flat hoops, especially those of steel, rust from the back 
side where they bear against the staves, and serious accidents have 
happened by hoops bursting on account of the unobserved cor- 
rosion. 

(c) There must be no welds in the hoops. Where more than one length 
of iron is necessary, lugs must be used to make connections, and 
the several pieces constituting each hoop must be tied together for 
shipment. 


10. Hatches. 

(a) Hatches must be provided in both the conical and flat covers so as 
to give easy access to the interior of the tank. The hatch covers 
must be beveled so they will not bind when swollen from damp- 
ness, and the hinges and fastenings must have bearings of non- 
corrodible metal such as brass. The covers must make a tight 

“5 joint at the hatch edges, the one in conical roof to have edges 
. turn down over raised edges of hatch. 
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(b) Hatch to be located preferably on southern side of tank and must not. 
be less than 20 x 24 ins., inside measure, in size. 


11. Supports. 


(a) The weight of the tank must be supported entirely from its bottom; 
and in no event should any weight come on bottom of staves. 

(b) There must be a clear space of at least 1 in. between bottom or out- 
side of staves and balcony when used. 

(c) All steel grillage must be used to support tank as called for in 48a. 

(d) Tank must be securely fastened to trestle so that it will not be 
blown off when empty. 


12. Discharge Pipe. 


(b) The size of discharge pipe should not ordinarily be less than 6 ins. 
In small equipments with a short run of pipe a 4-in. or 5-in. pipe 
may be used. For sizes 20,000 to 75,000 gals. inclusive an 8-in. 
pipe is suggested, and for sizes over 75,000 gals. a 10-in. pipe. 

(c) The pipe should preferably leave the tank bottom at its center. 

(d) When the pipe drops vertically to the ground level the pipe must 
be supported on an underground elbow having a foot piece resting 
on a concrete foundation, and the elbow should preferably be 
flange-concreted to the underground pipe. If bell and spigot cor- 
nection is used the joint should be strapped. 


13. Filling Pipe. 


(a) Filling pipe must be at least 14 ins. diameter. 

(b) When tank is exposed to the weather, the pipe must be carried up 
inside the frost-proof casing and extend through tank bottom to 
discharge at top of tank above water level. The portion of .pipe 
inside tank must be brass. The pipe may be run up outside of 
tanks located inside buildings. 

(c) Large tanks, particularly those located at some distance from the 
source of supply, may be filled through a by-pass, around check 
valve not less than 2” or larger than 3” in diameter. An ap- 
proved globe, outside screw-and-yoke or post indicator valve, ordi- 
narily kept closed, to be provided in the by-pass. 


14, Drain. 


(a) An approved 2-in. outside-screw-and-yoke gate or globe valve must 
be provided on nipple connected to base of discharge pipe to drain 
tank and discharge pipe. 

(b) A suitable outlet must be placed in tank bottom to drain the set- 
tling basin. 


15. Expansion Joint. 


(a) When a tank is supported by a structure 30 ft. or more in height, 
whether on the ground or on a building, an expansion joint must 
be provided in the discharge pipe-at the tank connection. 

In cases where a tank is located in a heated enclosed tower, or in other 

places not subject to freezing, a four-elbow swing joint may be used with 
permission of inspection department having jurisdiction. 


17. Heating. 


(a) Arrangements must be made to warm the water in tanks where sub- 
ject to freezing. The temperature of the water should not be 
allowed to reach the freezing point or go above 70° 

The following heating methods are acceptable: 

a—Circulation of warm water. 

b—Steam coil. 

c—Steam jet. 


18. Frost-Proofing for Pipes. 


(a) The discharge and hot water or steam pipes, and separate filling 
pipe when one is needed, for a tank on a tower on the ground or 
roof of a building, must be protected from freezing by a frost- 
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proof covering in addition to having the water in the discharge 

pipe heated. ; 
_ Phe frost-proof covering should not be depended upon to prevent freez- 
ing of the pipes without some heat being added. Most tanks for fire pro- 
tective purposes have no draft from them except in case of fire, therefore 
the water in the discharge pipes has little or no circulation. For this rea- 
son, these pipes need more thorough protection than do pipes in similar 
positions which discharge from tanks in which there is nearly constant cir- 
culation, as for example in a yillage supply. Therefore the amount of 
protection to be provided for a certain pipe must be decided with due re- 
gard to the severity of exposure to cold*winter winds, frequency of ‘circula- 
tion in the pipe and amount of heat to be supplied. 

The standard frost-proof boxings are made of wood and are circular or 

square in section as shown in Fig. 52. . 
19. Gauge. 

(a) An approved form of telltale for showing the height of water in the 
tank must be provided. 

{b) The following telltales are acceptable. 
a—Approved sprinkler supervisory device. (Signaling Rules.) 
b—Mercury gauge. 

(A) As this gauge is connected to the yard pipe it is a separate fitting 
which is not furnished by the tank beatora unless. definitely in- 
cluded in their contract. The gauge will usually be furnished by 
the sprinkler contractor who installs the riser pipe, although it 
may be installed by the owner if desired. Mercury should be 
filtered. 

(C) The gauge must be installed in a convenient, warm, inside location 
so that the graduated board will be in plain sight for reading, and 
the mercury pot easily accessible for maintenance. 


20. Ladders. 

(a) A steel ladder must be provided on the outside of the tank, extend- 
ing to the top, so as to afford easy access to the hatch in the 
tank roof. 

(b) The ladder must be constructed with not less than 2 x 3-in. flat side 
bars, spaced not less than 14 ins. apart, and supported at intervals 
of not over 1o ft, Rungs must be square, with corners pointing 
up and must be not less than §-in. square. They should be spaced 
12 ins. apart. The rungs must be riveted through slotted holes 
in the side bars to prevent their turning. 

(c) Ladder must be secured to steel grillage or balcony supports by flat 
bar brackets in such a way as to properly support the weight of 
the ladder and 1,000 Ibs. in addition. Ladder must at least be 6 
ins. from side of tank. 

(d) The ladder must extend about 18 ins. above the side of tank, then 
arch downward to the cover to form a handrail, as shown in Fig. 
2, so that a man standing near its top can readily reach up and 
open with his right hand the hatch cover in tank roof. -The hand- 
rail should be made of not less than §-in. round rod. 

Authors’ Note—Better practice is shown in Fig. 52. 

(e) A substantial wooden ladder must be provided inside of the tank 
extending from the trap-door to bottom of tank. Must be made 
of at least 2-in. by 4-in. side pieces and 1-in. by 2-in. cleats se- 
curely set in and spiked to the side pieces. 


21. Lightning Rods. 

Wooden or concrete tanks in locations subject to, thunder storms must 
be equipped with lightning rods. These must _be installed according to 
the regulations of the National Board of Fire Underwriters. 


STEEL TANKS ON TRESTLES 


22. Size. 
(a) The usual sizes of steel tanks for fire protection are from 20,000 to 
150,000 gals. capacity although they are sometimes made larger. 


~~ 
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35. Painter’s Trolley. 


Some reliable form of trolley or other acceptable device must be provided 
to facilitate repainting of the tank. 


CARE OF TANKS 
39. General. 


(a) Tanks for fire protection should not be used for other purposes ex- 
cept with the permission of the inspection department having 
jurisdiction. 

The practice of using a foot or so of water for mill purposes from the 
top of a tank is objectionable; because when so used the tank collects a 
larger amount of sediment from the water which is constantly being —— 
plied than it does when used for fire service only. This sediment is likely 
to settle in the sprinkler pipes, and either to clog them completely, or, in 
case sprinklers open, to seriously interfere with their discharge. If water 
is drawn from the bottom for mill purposes, the tank may, of course, be 
empty when needed for the fire service. Furthermore, the fluctuation of 
water level is liable to result in shrinkage of the upper ends of the staves, 
and leakage. 

Where water is clean and without sediment, part of the tank may be 
used for domestic purposes with permission of the inspection department 
having jurisdiction. 

(b) Tanks should be thoroughly examined at least twice a year to see 

that they are in good order. 

(c) The sediment which collects in the tank bottom should be cleaned 
out when it reaches the top of the expansion joint casting. 

(d) Examine flat hoops on old tanks very carefully to see if they are 
rusting from the back. If they are found to be corroded so as to 
materially weaken them, the tank should be strengthened by plac- 
ing new hoops of round iron between the flat hoops, or by replac- 
ing the flat ones with round hoops of proper size and spacing. 


TANKS ON BUILDINGS 


(a) Tanks should be located on buildings only when this is absolutely 
necessary, as tanks so located are a menace to life and property 
unless the best of care is taken regarding the supports. 

(b) Before supporting a tank on a building great care should be taken 
to make sure that the building is strong enough to carry the 
extra weight that the tank imposes. 

(c) In a building about to be erected special arrangements for the tank 
should be made in the plans of the building itself. With buildings 
already constructed it is necessary to have an expert pass on the 
strength of the supports. It will often be desirable to arrange for 
the required capacity by two tanks instead of one. 

(d) Tanks on buildings should be supported either by steel beams laid 
across brick, stone or concrete walls, carried above the roof to 
the necessary height or by a substantial trestle of the necessary 
peieae built in accordance with preceding rules so far as they 
apply. 


PRESSURE TANKS 


171. The advantage of an automatic heavy pressure water 
supply for sprinklers has been amply demonstrated. In most 
cases pressure is more important than volume, and the fire record 
shows that under ordinary conditions fewer sprinklers are 
opened and the fire is more certainly controlled where the sprink- 
lers are fed by water under heavy working pressure. The pres- 
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sure tank gives a limited supply, initial pressure of not less than 
75 lbs. It consists of a cylindrical steel tank, usually placed hori- 
zontally, and located in the upper story or on roof of building. 
Its capacity varies from 4,500 gals. to 9,000 gals., or even more. 
It is kept two-thirds full of water, the other one-third being air 
under pressure, and the rules require that this air pressure shall 
be such that there shall be not less than fifteen pounds static 
pressure on top line of sprinklers when last water is being dis- 
charged. This means that if tank is lower than top line, more 
than 75 lbs. must be carried, which can be calculated according 
to a definite rule given later on. 

172. Some of the advantages of the pressure tank are as fol- 
lows: 

a—It can be located inside the building, generally on floors 

already constructed, as it is not excessively large or 
unduly heavy. 

b—The danger of freezing is minimized, for even if located 

on the roof it can be enclosed and heated. : 
c—Being air-tight, there is no evaporation and it should not 
need frequent filling. 

d—If properly constructed and installed, the air pressure need 

not be pumped up oftener than once or twice a month. 
e—The original cost is not high, and there is only slight ex- 
pense for maintenance. 

173. The rules call for a minimum size of 4,500 gals. and this 
size has been generally used until comparatively recently, when 
tanks of considerably larger size have come into quite com- 
mon use. See Table 24, page 710, for tank size data. 

174. Six thousand gallon tanks are common and 9,000-gal. 
tanks are frequently installed. In large properties groups or 
batteries of pressure tanks are installed, so that a heavy pres- 
sure water supply of 15,000 to 25,000 gals. of water is sometimes 
secured. 

175. Considerable confusion has resulted from attempting to 
calculate the initial pressure required to produce 15 lbs. on the 
top line of sprinklers when pressure tank is empty, when the 
pressure tank is located below the top line of sprinklers. The 
rules say that the excess pressure (over 75 lbs.) shall be three 
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times that due to the height of sprinklers above the tank. An 


example illustrates why. : 

176. Assume highest sprinklers to be 50 ft. above tank, then air pressure 
maintained in tank must be 75 lbs. plus three times the pressure due to 50- 
foot head, or 75, plus 3 times 23, equals 144. 

177. Explanation—The tans is two-thirds full of water and air pressure 
is 144 lbs. Highest line of sprinklers is 50 feet above tank; which equals 
23 lbs. pressure at tank due to head. 

178. The pressure of air in tank will be inversely as the volume; i. e., 
if volume of air is increased three times, pressure will be decreased in same 
proportion. 

179. The actual pressure in tank is 144 lbs. gauge pressure, plus 15 
Ibs. (approximately) atmospheric pressure, equals 159 Ibs. In order to 
expel all water from the nk the volume of air will increase three-fold and 
pressure decrease to one-third of 159 Ibs. (actual pressure) or 53 Ibs. 
(actual pressure). Deduct 15 Ibs. (atmospheric pressure) and there remain 
38 lbs. gauge pressure at the tank. 

80. This is sufficient to overcome the 23 Ibs. pressure due to head and 
leave 15 lbs. final pressure (the amount required) at highest sprinklers. 


181, Figure 169, page 722, gives the needed data at a glance. 

182. Figure 170, page 723, shows gallons discharged or 
pumped into tanks of standard sizes equivalent to any differ- 
ences in initial and final pressures. This information is par- 
ticularly valuable for field test purposes. 

183. Figure 57 shows standard discharge, fill, air, and gauge 
glass connections on pressure tanks. 


NATIONAL BOARD RULES 


(Edition of 1919) 


184. The following extracts from the regulations of the Na- 
tional Board of Fire Underwriters for the installation of Pres- 
sure Tanks are reproduced as being of general interest. 


81. Capacity. ; 
Total capacity of tank must be specified by the inspection department 


having jurisdiction. 

Sizes less than 4,500 or over 9,000 gals. are not recommended. In cases 
where pressure tanks are the primary supply to dry-pipe systems it is ad- 
visable to provide a larger tank capacity than would be required for an 
equivalent number of sprinklers on a wet-pipe system. 


82. Location. ae 
Tank not to be located below upper story of building. 


83. Tank Service. 

Tanks to be used only as a supply to automatic sprinkler systems and 
hand hose. 
85. Test. 


Tank must be tested at the shop and proved tight at a hydrostatic pres- 
sure of at least 50 per cent. in excess of the normal working pressure re- 
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quired. After erection, the tank, two-thirds full of water, must be tested 
at the working air pressure required. In this condition and with all valves 
closed, tank must not show loss of pressure in excess of 4 lb. in 24 hours. 


89. Maintenance. 


Tank must be painted inside and outside, with a good quality of lead 
ovat must be cleaned, scraped and repainted when necessary. Tank must 
ave a hydrostatic pressure test similar to one noted in Section 85, once 
in two years. 


90. Air Compressor. 


A steam or electrically driven air compressor having sufficient capacity 
to increase the air pressure at an average rate of at least one pound in two 
minutes should be provided. 

A properly designed safety valve must be installed at the air compressor, 
or in the pipe from it to tank,-so that an excessive air pressure may not be 
pumped into tank. 


91. Tank House. 


Tank must be properly protected from frost, and if located above the 
roof must be enclosed in a house of substantial construction, easily access- 
ible and of sufficient size to provide ample space on all sides. Must be 
arranged so that it can be properly lighted at all times. 

There should be a space of at least 3 ft. at end where guages are located 
and a window should be provided opposite gauges. 

Tank house must be constructed in accordance with the requirements of 
municipal or building authorities where they exist. 


92. Supports for Tanks. 


Tanks to rest on a cradle of cast-iron, concrete or other equally rigid 
material which will prevent possible sagging or vibration. Wood is not 
approved for this purpose. Supports must be proportioned so as to safely 
carry the load, using a factor of safety of at least four, and must be in- 
stalled under the requirements of the municipal or building authorities 
where they exist. There should be at least one support for every section 
or course of the tank and the ends should not overhang more than 4 ft. 


CONCRETE RESERVOIRS AND VALVE PITS 


185. In the National Board Rules on Gravity and Pressure 
Tanks will be found detailed specifications for the construction 
of concrete reservoirs and valve pits. Reinforced concrete is 
used almost exclusively for such construction purposes today, 
being as a rule both cheaper and better than brick construction. 
For dimensions of reservoirs see Tables 22 and 25. 


NATIONAL BOARD RULES 
(Edition of 1919) 


186. The following extracts from the regulations of the Na- 
tional Board of Fire Underwriters for the installation of Con- 
crete Reservoirs and Valve Pits are reproduced as being of more 
general interest. 
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RESERVOIRS. 


It is believed that concrete proportioned for maximum density, properly 
reinforced and carefully mixed and placed, is the best material that can be 
used for water-tight reservoirs. Either rectangular or circular form may 
be used. The circular form admits of a more economical arrangement’ of 
reinforcement and gives the greatest resistance against both external and 
internal pressure. 


66. Sump. 

A sump consisting of a recess at least three feet square and three feet 
deep to be located so as to come under manhole in roof. The surface of 
the floor to be carefully graded to produce a uniform pitch to the sump. 

(c) If a reservoir is completely roofed oyer, a trap door at least 20 by 

26 ins. to be provided in the roof so arranged as to be easily 
opened. Permanent ladder to be accessible from the opening. 


70. Leakage. 

(a) Leakage for the first 24 hours after filling shall not be more than 5 
per cent. of the total reservoir capacity. If more than 5 per cent., 
water to be drawn off and porous concrete cut out and spaces filled 
with rich cement mortar. 

(b) Reservoir must be substantially water-tight after having been filled 
with water 14 days. 


VALVE PITS. 


The rules for Materials, Mixtures, Forms, etc., given for large reservoirs, 
also apply to small reservoirs and valve pits. < he 


72. Size. 
The size should be ample so that there will be a space of at least 12 ins. 
around all valves. 


73. Floor. 
eee to be at least 4 ins. thick and reinforced with metal lathing or 
rods. 


74. Walls. e 
Walls to be of concrete at least 4 ins. thick and reinforced in a simi- 
lar manner to floor. 


75. Roof. 

(a) To be not less than 6 ins. thick and properly reinforced to carry 
load to which it is liable to be subjected. 

(b) A standard manhole cover to be placed in the top of each pit. Six 
inches below the iron cover a second cover of 2-in. plank to be 
placed on a ledge formed in the concrete. Ledge to be at least 2 
ins. wide. In regions where extremely cold weather occurs it is 
advisable to fill pit with a suitable insulating material, such as 
hay or straw. 


77. Waterproofing. 

If a waterproof pit is necessary, as in water-bearing tae the entire 
outside surface of pit should be thoroughly waterproofed. ; 

The following method is “advised. Surface to be painted with hot tar 
or asphalt and then covered with at least two layers of tarred felt and hot 
tar or asphalt alternately. Felt to be lapped 18 ins. 
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CO-OPERATIVE WATER SUPPLIES 


187. It is becoming more and more common for two adjoining 
or nearby properties to tie together their water supplies for mu- 
tual fire defense, both as regards individual plant fires and protec- 
tion against exposing fire. If it is good for a plant to have two 
different sources of supply, it is obviously better to have cross- 
connections to other plants as well, provided only that the whole 
system is laid out with due regard to good water supply engi- 
neering. Possible methods of procedure are: 

a—Two plants tie their underground systems together with a 

post indicator valve normally closed, but readily accessible 
at time of need. 

b—AIl supplies normally on one header, the effect being the 

same as if all buildings were under one management. 

_c—Each plant pumps into a common emergency header through 

} a check valve, and has a check connection with post 

indicator valve from the header to its own underground 
system, which connection it can use if desired. This is 
the plan used in the Atlantic City high pressure system, 
where hotel pumps feed a 20” beach front main with 12” 
laterals and many 4-way hydrants. 

188. The July, 1920, Quarterly of the N. F. P. A., reports 
on a 27,000 gallon per minute co-operate system in Lawrence, 
Mass., presumably the largest in the country. 


CHAPTER 27 
OUTSIDE PRIVATE PROTECTION 


1. This chapter deals with outside private protection features 
such as distributing mains, hydrants, hose, valves, and allied mat- 
ters. It connects water supply, covered in preceding chapters, 
with interior apparatus and sprinklers, the treatment of which in 
succeeding chapters is limited to equipment inside of or attached 
to the building. 


DISTRIBUTING MAINS. 


2. Next in importance to a satisfactory water supply is an 
adequate distributing system. Such a system should be able: 
a—To deliver the desired amount of water (generally the 
capacity of the water supply) at all important points 
without serious pipe friction. Keeping within a 25-lb. 
friction allowance is good practice, and a 50-lb. loss to 
outlying points may not be objectionable. 
b—To permit concentrating all available water at important 
points with hose lines not over 250 ft. long. This usually 
calls for a fairly complete covering of the plant with the 
piping system. 


SEPARATE FIRE AND DOMESTIC SYSTEM. 


3. It is vitally important in almost every property, having out- 
side distributing mains, that absolute separation be secured as far 
as fire and domestic piping is concerned. The principal reasons 
are: 

a—Domestic piping frequently is not so heavy nor so well 

installed as fire piping, with subsequent breaks or blow- 
outs when fire pressure is applied. 

b—Domestic connections in buildings may be broken by fire and 

the system bled. Safely located control valves are seldom 
installed in combined systems. Also the amount of high 
pressure water available is, as a rule, quite limited. 
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c—Any aormal flow through a domestic connection is increased 
by fire pressure, and all the water has to come from fire 
pumps. Shutting down or throttling down domestic out- 
lets is feasible, but may not be done at time of actual 
fire. 

d—Changes in domestic piping may interrupt fire service fre- 

quently in the course of a year. 

4, While the foregoing general rule is fully justified by theory 
and by experience, there are conditions under which combined 
systems may be warranted, as, for example: 

a—Where a new system is installed for a plant of good construction 

and not likely need of much water under fire pressure, as, 
for example, a modern steel mill. On such a system, do- 
mestic connections for several buildings can be fed from 
one connection controlled by post indicator valve, and 
thereby insure ability to shut off all domestic water at a 
few points. 

b—Where domestic taps are very small, as for drinking water 

and plumbing purposes. 

c—Where the main plant has separate systems, but outlying 

buildings require little domestic water, and to run sepa- 
rate piping would be expensive beyond the benefit gained. 

5. There is no objection to having the same water supplies 
available in whole or in part for both fire and domestic systems, 
as long as the control of these supplies is absolutely safeguarded, 
as shown in illustration on page 326, and provided an underwriters’ 
steam pump, for example, designed for occasional fire duty, is 
not run regularly for domestic purposes. 


SIZE OF PIPE. 


6. Many distributing systems are too small, partly because ex- 
perience has shown the need of larger pipe sizes and partly be- 
cause industrial plants commonly outgrow their piping systems. 
Formerly, 6-in. lines with 4-in. branches to hydrants were con- 
sidered good practice. Now 8-in. or larger mains and 6-in. 
branches to individual hydrants is the rule. 

7. In laying out protection for a plant, it is always important 
to consider the probable development of the property, to plan, in 
a general way at least, protection for the ultimate plant, and then 
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to put in that part of the system of which there is immediate 
need. 

8. Figure 58 shows a layout for a pretentious industrial plant 
in which all water supplies are available both for automatic 
sprinklers and for hydrant service. Figure 160, on page 680 (il- 
lustrating the application of standard plan notations), illustrates 
a simple system with gravity tank reserved for sprinklers and 
pump service available both for sprinklers and for hydrants. 
The future development idea is shown in each case. An 8-in. 
pipe laid, under ordinary conditions, costs only about 25 per cent. 
more than a 6-in. one, and the friction loss is one quarter as 
large. It must also be remembered that deposits on the inside 
of underground pipes reduce the area and increase friction. See 
table 1, on page 686 for friction losses in pipe. 

9. Section M, of the rules covering Automatic Sprinkler Equip- 
ments, pertaining to underground piping, contain the following 
recommendations : 

10. Hydrant Main—No 4-in. pipe shall be used. 


11. For Pipes Extending to a Dead End: 

a—Allow 200 ft. 6-in. pipe with one 3-way hydrant. 

b—Allow 500 ft. 6-in. with one 2-way hydrant. 

This might be extended in special cases. 

c—Allow 1,000 ft. 8-in. pipe with one 3-way hydrant. 

d—Allow 500 ft. 8-in. pipe with one 4-way hydrant or its equiva- 
lent in hose streams. 

e—Allow 300 ft. 8-in. pipe to first hydrant, where there is a 
hydrant equivalent of 6 streams. 

f—Limit for Four Streams—Whereas the above limitations 
for 8-in. pipe are low, it is deemed undesirable to have over 4 _ 
streams on a dead end, and the loop system would ordinarily be 
employed where it is intended to concentrate over 4 streams at 
one point. 

g—Limit for Three Streams—Never allow more than three 
(3) streams on .6-in. branch pipe. 


12. For Loop Systems: 
a—For Two 3-Way Hydrants—With two 3-way hydrants, 
say 250 ft. apart, allow 250 ft. 6-in. pipe from each hydrant toward 


source (preferably use 8-in. pipe with 3-way hydrant systems). 
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b—For Two 2-Way Hydrants—With two 2-way hydrants, say 
250 ft. apart, allow 500 ft. 6-in. pipe from each hydrant toward 
source. 


c—For Three 2-Way Hydrants—With three 2-way hydrants, 
250 it. apart, allow 250 ft. 6-in. pipe from end hydrants toward 
source. 


d—For Four 2-Way Hydrants—To feed four 2-way hydrants, 
or their equivalent, use 8-in. main feed pipes and allow 500 ft. of 
8-in. pipe each way from end hydrant to water supply, rest of 
pipe 6-in., if desired. 


e—For Five 2-Way Hydrants—To feed five 2-way hydrants 
or their equivalent, use 8-in. main feed’ and allow 250 ft. from 
end hydrants to water supply. 


f—For Over Four Streams—Where water supplies are such 
that over four streams can be obtained, loop pipe should never 
be less than 8-in. 


g—For Over Six Streams—In laying out a loop system where 
it is intended to concentrate 4 to 6 streams at any one point, an 
8-in. loop should be amply sufficient, even if it is as much as 
1,000 ft. from supply to point of concentration. 


h—For Large Number of Streams—Under conditions where 
a large number of streams can be concentrated at one point, it 
would sometimes be desirable to use 10-in, or I2-in. pipe. 


COST OF LAYING PIPE. 


13. Factors bearing on cost of laying pipe are cost of pipe and 
fittings at the foundry, freight, trenching, laying, occasionally 
piling, back filling, and testing. Conditions vary so much that it 
is impossible to present costs per foot generally applicable. How- 
ever, under average conditions of trenching, the relative cost of 
laying pipe, with 6” as a base, is approximately the following : 


Size of Relative Relative Size of Relative Relative 
Pipe Cost Friction Loss Pipe Cost Friction Loss 
6 1.00 1.00 12 2.25 035 
8 1.40 525 14 3.00 016 


10 1.85 .085 16 3.75 008 
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PIPE SPECIFICATIONS. 

14, Tar-coated, cast-iron pipe should be used for underground 
work. Steel, cement lined, or other special kinds of pipe are not 
approved. The 1908 standard specifications for cast-iron pipe and 
special castings of the American Water Works Association have 
been adopted by the National Fire Protection Association, and 
are recommended for all pipes and castings. Bell and spigot 
joints properly leaded. have been almost universally used in the 
past with excellent results. Since 1916 the Laboratories have 
approved for general use a form of universal joint, for which 
a number of practical advantages are claimed, chiefly economy 
in trenching and in making up joints, that pipe can be laid on a 
curve and follow uneveness in the trench, and that no clamps or 
blocking are required, as each joint is bolted. 

15. For private fire service, class C pipe (300 ft. equal to 130 
Ibs.) is recommended. The essential facts regarding such pipe 
are shown in the following tabulation: 


CLASS C (130 Lb.) STANDARD PIPE 


iNoniic Bell and Spigot Joint. Universal Joint. 
nal 2 
Inside, 
Diam. | Thickness Weight Weight Thickness Weight Weight 
Inches.| in Inches. Per Ft. |Per 12 Ft.,| in Inches. Per Ft. Per 6 Ft., 
Length. Length. 
4 48 23.0 280 40 18.7 112.5 
6 51 35.8 430 45 31.0 186 
8 56 52.1 625 49 46.0 276 
10 62 70.8 850 53 63.5 381 
12 .68 91.7 1100 57 80.5 483 
14 74 116.7 1400 60 99.5 597 
16 .80 143.8 1725 65 123.0 738 


16. The. above weights are per length to lay 12 feet and 6 feet 
respectively including standard sockets and joints. For bell and 
spigot pipe sufficient plain tee jute packing must be used to insure 
stopping the lead, at least 114 Ibs. of pure pig lead is advisable per inch 
of diameter of pipe at each joint, and lead must be firmly driven 
and finished flush with the bell. 

17, The pipe manufacturer should furnish evidence of Labora- 
tories’ approval or a certificate to the effect that the pipe delivered 
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is in accordance with American Water Works Association speci- 
fications. Pipe also should be subject to local inspection, par- 
ticularly for uniform thickness of wall. All pipe and fittings 
should be given a hammer test. 


LAYING PIPE. 


Section M of the Rules Covering Automatic Sprinkler 
Equipments contains the following rules for laying cast-iron 
mains: 


18. Depth of Earth Cover—The depth of covering should be determined 
by the Inspection Department having jurisdiction, but will vary from 24 
ft. in the Southern States to 10 ft. in the northern part of Canada. 
Depth of covering should be measured from top of pipe to ground level. 
In a loose, gravelly soil, or in rock, the depth should be greater than in 
compact, clayey soil. A safe rule to follow is to bury the top of the pipe 
not less than one foot below the lowest frost line for the locality. As 
there is normally no circulation of water in private fire mains, they re- 
quire a greater covering than the public mains. ? 


Authors’ Note: For protection against injury from surface loads or 
shocks, pipe may require more bury than is sufficient to protect against 
freezing. 


Placing pipes over raceways or near embankment walls should be avoided 
as far aspossible, and special attention given to protection against frost 
where it is necessary to so locate them. 

Where mains are laid in raceways or shallow streams, care should be 
taken that there will be a sufficient depth of running water between the 
pipe and the frost line during all seasons of frost, and a safer method is 
to bury the main under the bed of the waterway not less than one foot. 
Care should also be taken to keep the mains back from the banks a suff- 
cient distance to avoid any danger of freezing through the side of the 
bank above the water line, and with low banks mains should be buried 
below the frost line where entering the water. 


19. Care in Laying—Pipes should be clean inside when put in trenches, 
pre eee ends plugged when work is stopped, to prevent stones rolling 
inside. 


Authors’ Note: This is a vital matter. Many a fire system has failed or 
required expensive cleaning out because rocks, bricks, wood, old clothing, 
and other foreign matter got into mains while being laid. 


20. Pipes should bear throughout their length, and not be supported 
by the bell ends only. 

21. Specials—Specials should be used for making offsets and bends, and 
reducers for changing size of pipes, as thick lead joints or joints with 
lead mostly on one side are liable to leak. 

22. Back Filling—Back filling should be well tamped under and around 
pipes to prevent settlement or lateral movement, and should contain no 
ashes, cinders, or other corrosive materials. > 


_23. Rocks should not be rolled into trenches and allowed to drop on 
pipes. 
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24, All plugs at blanked openings and all bends in soft ground should 
either be strapped or secured by masses of concrete against the ends or 
sides of trenches to avoid any possibility of joints blowing apart. 


Authors’ Note: For methods of strapping piping see Fig. 59. 


25. In trenches cut through rock, back filling should preferably be en- 
tirely of earth, but earth shall be used under and around pipe and for at 
least 2 ft. above same. If soil is of quicksand it may be necessary to 
support piping on piers. Under railroad tracks, pipe should be provided 
with special supports and reinforcement at joints. Underground, through 
buildings, flanged cast-iron pipe with metallic gaskets or other standard 
pipe should be used. 


26. Mains should not be laid under piles of coal or other material liable 
to make the ground settle and cause leaks. 


27. Steep Inclines—Down steep hills mains should be properly anchored. 
A general rule is to anchor the pipe at the bottom of the hill, at any turns, 
and otherwise on straight runs about every forty-eight feet. The anchor- 
ing should be done either to natural rock or by means of brick or concrete 
piers. The piers should be built around the pipe, or an iron rod not less 
than in. in diameter placed around the pipe and the ends anchored in 
the piers. Bell ends should be uphill. 


28. Blow-off—Where feasible, blow-off should be provided at low point 
of underground main, and it is also advisable where an underground main 
crosses water. 


29. Clamps—Clamp rods where used for strapping pipe should preferably 
run from the bell to the next bell or fitting, but may be run to clamps on 
pipe, provided clamps are of either malleable iron or steel and are not less 
than 2 inches wide and not less than $-in. thick. The bolts holdifig the 
two pieces of clamp together should be not less than §-in. round, of steel 
or wrought-iron, and the clamp rods should be not less than 3-in. round 
steel-or wrought-iron. Clamps, straps or rods should be protected against 
corrosion by painting with tar, asphaltum, or by other suitable means, 
See Fig. 59. 


30. Leading Joints—Joints should be carefully leaded, and packing 
should be in the smallest quantity necessary to stop the lead. Rings should 
be shrunk on ends of short length of pipe to form beads. These are very 
essential in order to prevent varn and lead from passing into pipe, and 
also to make joint hold. Socket joints should not be located in, or close to, 
foundations. 


31, Large yard systems should have sectional controlling valves, and 
a valve should be provided on each bank where a main crosses water. 


32. Testing—All piping when completed should be tested for not less 
than two hours at a pressure of not less than 150 lbs., and if the normal 
pressure exceeds roo lbs., for not less than 50 Ibs. in excess of that 
pressure. 


33. Where feasible, test should be made with fire pumps running, and 
every hydrant should be opened and closed so as to test it, and at the 
same time produce some water hammer on the piping, as in the case of 
actual fire. The system should also be thoroughly flushed out by opening 
the various hydrants wide, thus, drawing large quantities of water and 
cleaning out small stones, sand, and other obstructions which will plug 
play pipes and sprinklers if allowed to remain until the time of fire 


34, Branches to the inside sprinkler equipment should also be flushed 
out before connecting the sprinkler riser. If fire pumps are not available, 
underground piping may be tested out by means of a hand pump. 


35. In any event, the system should be tested under water pressure 
to detect leaks which, even if small, when running continuously, cause large 
waste of water, and if possible pressure should be put on the pipes before 
the joints are covered, in order that any leaks may be readily located. 
Tests should be made by contractor in presence of inspector of the In- 
spection Department having jurisdiction, 
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Authors’ Note: One advantage of having sectional control 
valves in a fire system is the ability to test a portion of the sys- 
tem at a time. See Fig. 58, for method of valving a fire system 
so as to secure effective valve control for repair and test purposes. 


INCRUSTATIONS AND DEPOSITS IN PIPE. 


36. There are few situations where, in course of time, the 
cross section of pipes -is not reduced or their surface roughened 
because of tuberculation, incrustation, or sedimentation. Start- 
ling conditions have been found in large cities where the water 
systems were under managements that understood the dangers. 
An excellent treatise of this subject appears in the January, 1918, 
Quarterly of the N. F. P. A. The author points out that in- 
crustations may be due to: 

a—Tubercular-corrosion or rust. 

b—Chemical constituents of the water. 

c—Growth of biological or living organisms. 

Deposits may be due to: 

a—Sediments such as mud, clay, leaves, or vegetable decay. 

b—Foreign matter other than sediment. 

37. The existence of serious trouble can generally be detected 
by careful friction tests. See Chapter 26 for methods of con- 
ducting such tests. Flushing out of the system will, of course, 
remove ordinary sediment. Operation of valves will sometimes 
show presence of sediment or corrosion. Local water condi- 
tions should be taken into account in establishing a regular pro- 
cedure of flushing and testing. Pipe can be cleaned by the use 
of a scraper, technically termed “ go devil,” either pulled through 
the pipe by a cable or forced through by water pressure. One of 
the arguments for using tees and crosses liberally in an under- 
ground system, where ells or tees would do, is the ability to in- 
spect and clean mains without breaking into the piping. 


HYDRANTS 
SPECIFICATION. 
38. Experience in the field has developed difficulties in the 
opening and closing of hydrants, the working loose of interior 
mechanical parts, leakage (especially dangerous in freezing 


Outside Fire Protection 401 


weather), excessive friction losses, failure to drain, loose nipples, 
and other defects. The National Standard Hydrant, covered by 
the N. F. P. A. specifications, is designed to obviate these diffi- 
culties. Its characteristic features are: 

a—Liberal area of valve opening and barrel, and easy curves 

to reduce friction. 

b—Heavy construction throughout. 

c—Flanged bolt circle above ground level to permit turning 

outlets in desired direction, 

d—Bosses for bolting on standatd hose valves. 

e—Large drips. 

39. A number of makers can supply National Standard hy- 
drants, and their purchase is urged. 

40. Figure 60 shows two well-known hydrants in cross sec- 
tion. The one on the left is of the compression type, water pres- 
sure holding valve to the seat, and the other of the design closing 
against the pressure. For hose threads see page 410. 


DIRECTION TO TURN. 

41. If possible, hydrants should turn in the same direction as 
city ones, and those in the plant should always turn in same di- 
rection. A raised arrow (sometimes brass screwed to top of hy- 
drant) can be used to show direction to turn, and such arrow 
should be prominent enough to be felt at night. 


NUMBER. 

42. A liberal number of hydrants makes for economy and 
efficiency. A hydrant costs only two to three times as much as 
a length of good hose. The depreciation on hydrants is far 
less than on hose. The friction in long hose lines is a serious 
matter; the friction in a hydrant almost nothing by contrast. 
Sufficient hydrants should be installed so that 150 ft. of hose 
from the two nearest hydrants will reach any fire in the central 
sections of a plant, and not over 250-ft. lines need be connected 
to nearest hydrants to concentrate the available water on im- 
portant buildings. On important loop mains, hydrants are seldom 
located over 150 to 200 ft. apart. 
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Fic. 60, Mitzi Yarp Hyprants, 
(Courtesy of The Kennedy Valve (Courtesy of 
Manufacturing Co.) Eddy Valve Co.) 
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LOCATION. 


43. If located too close to buildings or lumber piles, it may 
not be possible to reach hydrants at time of fire, or they may 
have to be abandoned with possible crippling of the entire system. 
Hydrants should be not closer than 40 ft. to 50 ft. from buildings 
of ordinary height. If a building contains slight fire risk, as a 
concrete machine shop, hydrants can be placed close to walls if 
necessary. Hydrants should be located so as to keep. them out of 
roadways, away from railroad tracks, and, if possible, out of line 
of future buildings. 


SETTING. 


44. Hydrants can advantageously be set on a block of stone 
or concrete. They should be securely strapped to underground 
Piping, especially if they are on a branch or a dead end. A large 
block of stone or concrete placed behind the hydrant will mini- 
mize the tendency to blow off in event of water hammer. About 
a bushel of loose stone should be placed around the bottom of 
hydrant to facilitate drainage. In clay soils, special drain pipes 
from drips to nearby sewers are often advisable. 


FREEZING. 

45. Many hydrants in private fire systems have been found 
frozen especially where cold spells are protracted. Suggestions 
for detecting freezing include: 

a—Sounding by striking hand over open outlet. Water or 

ice shortens the length of the “organ pipe” and raises 
the note. 

b—Partial turning of hydrant stem. If frozen, steam will not 

turn, 

c—Lowering weight on stout string into hydrant. It may 

strike ice, or come up with string wet, indicating level 
of water in barrel. 

Frozen hydrants without digging up may be thawed by: 

a—Use of steam hose. 

b—Quicklime thrown into barrel and hot water added. 

c—Cutting frost with alcohol. 

d—Handful of calcium chloride which reacts with waiter and 

generates heat enough to melt ice. With methods (c) 
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and (d) the presence of fire may cause explosion in 
hydrant barrel. 

46. Where drainage is poor, or ground water stands at dan- 
gerous levels, it may be necessary to close up drips altogether 
and either pump out the hydrant barrels or force water out 
through the medium of special facilities provided for that pur- 
pose. 


MAINTANANCE, 
47. In addition to protection against freezing, there are various 
other important maintenance matters such as: 
a—Keeping hydrant clear of obstructions. 
b—Keeping it well painted, greased, and oiled. In very cold 
climates a valve stem packing of hemp and tallow has 
been found satisfactory. 
c—Testing hydrant under pressure, with caps on and main gate 
open. An aquaphone will show if drip valve leaks, when 
it should be shut. An aquaphone is reported also to 
Show if there are leaks in the mains near the hydrant 
where aquaphone is applied. 
d—Flushing out hydrant thoroughly. 


GATE VALVES. 


TYPES AND PROPER USES. 

Gate valves in distributing mains may be of three kinds: 

a—Underground valves requiring key to operate. 

b—Underground valves with indicator posts attached: 

c—O S & Y (outside screw and yoke) valves in pits. 

48, The first type of valve should not be used where quick 
action may be necessary at time of fire or in event of a break in 
a main. For repair shut-off purposes, at each hydrant or on one 
side of a check valve, it is not objectionable. For loop repair 
valves, where speed in locating valves and in operating them 
may be a factor, it should not be employed. The difficulties of 
finding valves, of getting up cover plates, and of locating a 
wrench that will fit and is long enough have all been impressed 
on the experienced inspector or plant manager. All underground 
valves should be the same hand and have the same size nut on 
valve stems. The valve locations should be clearly marked on 
nearby buildings. 
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49.0 S & Y valves, if underground, must be in pits. Im- 
portant junction points, as is shown in Fig. 58, often warrant the 
use of pits to cover several valves. O S & Y valves are com- 
monly put in pits on one or on both sides of check valves or 
meters. They are universally used on inside piping, as they show 
the position of the gates at a glance. They are commonly 
strapped or otherwise sealed open. One good operating “ wrinkle,” 
where valves are in pits, is to slip a metal sleeve, with upper end 
closed, over the valve stem to keep, off dirt. 
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Fic. 61. Inpicator Posts, sHow1nc Two Metuops or ATTACHMENT 


50. The indicator post attached to an underground gate valve 
is ideal, is required for sprinkler and other important controls, 
is generally used on fire systems, and occasionally found on 
domestic ones. In such cases, colors for posts should be differ- 
ent, as red for fire and green for domestic systems. 

51. Figure 61 shows methods of securing posts to under- 


' ground valves. The use of a special valve bonnet is preferable 


to the use of clamps. 
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52. Indicator posts can advantageously carry metal plate show- 
ing what they control. Painting building names or numbers on 
them is always advisable. The proper direction to turn should 
be shown. The raised arrow method is good. Posts often are 
locked in the open position to prevent tampering. Lock shackles 
should, however, be brittle so that locks can be removed quite 
readily if they are frozen and keys will not work. Posts should 
preferably have a wheel or wrench attached. Wired glass is 
recommended for target openings. 


TESTS. 

53. In order to make sure that underground valves are in 
working order, it is good policy to operate them at least once 
a year during non-freezing weather. More frequent operation is 
objectionable largely because it is likely to cause stuffing boxes 
to leak. Oiling or greasing valves annually is generally consid- 
ered good practice. 


POINTS WHERE NEEDED. 


54. There has been considerable difference of opinion among 
fire protection engineers regarding the extent to which valves 
should be used in a system of underground mains. It has been 
stated, probably correctly, that more plants have been destroyed 
on account of a valve being shut than because of a system being 
out of commission owing to the lack of repair valves. Never- 
theless, the modern tendency is to make fairly liberal use of 
system valves, and Fig. 58 shows about the maximum that would 
be advisable with such an important layout. Well established 
principles shown there are: 

a—City supply check valve (and meter, if required) between 

gates so it can be repaired without affecting city or plant 
systems. 

b—Pump check between gates, one to protect system against 

check valve repairs, and the other (not nearly so impor- 
tant) to enable pump hose connections to be used if 
check is out of commission. Also this valve is useful 
for testing pump and gives quick control in event of a 
break in fire main. 
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c—Tank check between gates, one to protect system and the 
other to avoid emptying tank if check needs repairs. 

d—Pits Nos. 1 and 2, in addition to water supply valves, each 
contain three sectional valves, two to take care of pres- 
ent loop and one for short branches which will ulti- 
mately be part of the second loop. A loop valve belongs 
on each side of every valuable water supply so as to per- 
mit cutting off a part of the loop without cutting that 
water supply off altogether. Sometimes post indicators 
are attached to valves in pits, and posts are cemented 
into the concrete tops. 

e—Indicator posts E and F are repair valves to cut loop (in 
connection with valves in pits) into four sections. Gen- 
erally not over 6 hydrants or indicator posts should be 
located between loop repair valves. Note that individual 
hydrant repair valves are not needed with loop valves 
properly arranged. As shown, the layout has eight pres- 
ent and future loop valves, four less than individual 
hydrant valves would make necessary, giving control of 
piping and post indicators as well as of hydrants. 

f—Some authorities prefer individual repair valves for every 
hydrant, and fewer loop repair valves. 

g—Individual repair valves must always be provided where hy- 
drants are connected to a water main of primary im- 
portance. 

h—Hydrants Nos. 9 and to, located where they might have to 
be abandoned owing to falling walls, are controlled by 
an indicator post at a safe point. 

i—Indicator post K is on a branch fed by looping back 
across road. Both pipes are in same trench. Putting 
hydrant No. 2 on same branch makes for pipe economy. 

j—Wherever approved valves can be secured, these alone should 
be purchased. 

For valve data see also sprinkler rules, section F. 


VALVE RECORD. 


55. A plant having a fire system of any appreciable size seldom 
has more than one or two men who really understand the valve 
system. These men are likely to be pipe-fitter or plumber fore- 
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men. While their knowledge may be available to the fire brigade 
at time of fire, it is an element of weakness not to have a con- 
siderable number of men posted as to the location of all valves, 
especially sectional repair valves, and exactly what the various 
valves control. In event of a break in the underground system, 
or the abandonment of a broken connection or a flowing hydrant, 
it is essential that the waste of water be promptly shut off and 
that the minimum number of other hydrants or sprinkler con- 
nections be affected. It is also essential that the fire brigade 
promptly transfer its hose lines from hydrants shut off to the 
most advantageously located ones still in service. To handle 
such a situation correctly and rapidly at time of fire, especially 
at night and under snow conditions, requires accurate knowledge. 
The best results are secured in the following manner: 
a—Securing an accurate map and making a study of the valve. 
system, recording in tabular form the valve or valves 
necessary to cut off each hydrant and post indicator 
(and, of course, piping to or near them), and listing the 
hydrants and post indicators also affected. 
b—Putting this data in note-book form for convenient study 
and reference. 
c—Making officers of the fire brigade study and learn the con- 
ditions. 
d—Holding drills in which it is assumed that breaks in piping 
have occurred. 
e—Posting in ‘fire brigade headquarters the facts regarding 
any interruptions of the system, and also preferably 
notifying the fire brigade officers of the facts. 
56. The National Board regulations of 1921 for the Supervi- 
sion and Care of Valves Controlling Water Supplies for Fire 
Protection cover: 


a—Central station automatic supervisory service. 

b—Local automatic valve notification systems. 

c—Local non-automatic valve recording systems. 

d—Valve sealing systems. 

Details as to tags and seals will be found in the booklet as 


well as suggestions regarding a valve index board to give promi- 
nence to tags for valves under repair. 
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CHECK VALVES. 


57. In Chapter 26, on Water Supply, page 324, emphasis is laid 
on using straight way check valves, on having each water supply 
checked against the other, and on having checks in pits where 
readily accessible for inspection and repairs. See also section on 
prevention of pollution, on page 325, and Sprinkler Rules, Section 
F. Where automatic water supplies, as city connection and 
gravity tank, exert about equal pressures, considerable difficulty 
is likely to be encountered in keeping checks tight. Tanks occa- 
sionally empty themselves into city mains under such conditions. 
Checks can be tested by raising pressure, where pump is pro- 
vided, and sediment can be removed from seats by thoroughly 
flushing out of pipes. Checks should be placed horizontally. 


HOSE. 


TYPES. 

58. Hose installed in connection with outside protection should 
be designed to permit of regular tests and drills. Consequently 
unlined-linen hose is not suitable. Cotton rubber-lined and, in 
certain cases, rubber hose are recommended. The National Stand- 
ard Mill Yard Hose is especially designed for private plant pro- 
tection. It is single-jacketed, cotton-rubber-lined, light, flexible, 
and amply strong for all ordinary requirements. In some plants 
where rough service is likely to damage fabric, double-jacketed 
hose, such as is ordinarily used by public fire departments, is ad- 
visable. 

59. In certain forms of chemical plants, where cotton fabric 
is liable to be destroyed by fumes or liquids, rubber hose, made 
of wrapped duck and covered inside and outside with rubber, is 
the only available hose, except petrolatum or oil-sealed fume-tight 
boxes for linen hose are employed. 

60. The National Standard Mill Yard Hose has an internal 

. diameter of 25% in. with 2% in. couplings. No other diameter 
is recommended. 


BRANDS. 


61. A large amount of hose now in service is of little or no 
value, owing to the inferior quality or poor care. Good hose 
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means good rubber and fabric and is therefore necessarily ex- 
pensive. On the other hand, cheap hose is unreliable and costly 
in the end. 

62. The life of cotton rubber-lined hose depends chiefly upon 
the lining. In good single-jacketed hose the lining represents 
approximately two thirds of the total manufacturing cost, and 
since it is almost impossible appreciably to cheapen the cotton 
fabric without seriously impairing the strength of the hose, it 
is apparent that inferior rubber linings must be used when hose 
is sold at a low price. Almost any rubber lining appears suitable 
as viewed through the coupling and any lining will stand pres- 
sure tests when new, since its function is not to add strength, 
but to keep water from the fabric and to provide a smooth water 
way. After some aging, however, particularly if not tested at 
regular intervals, defects begin to show. Cracking at bends, de- 
vcloping numerous pin-hole leaks, and tearing loose from fabric 
are common defects, and these sometimes occur within a year or 
two after the manufacture of the hose, when as a matter of fact 
good hose, with reasonable care, should last a decade. 

63. In short, property owners and inspectors cannot tell good 
from bad rubber-lined hose when it is new, either by looking at 
it or putting it under pressure, therefore they should purchase 
hose bearing the label of approval of the Underwriters’ Labora- 
tories. 


COUPLINGS. 


64. It is vitally important that all hydrant and hose couplings 
in a plant are the same and completely inter-changeable. Fre- 
quent cases of inability to couple two lots of hose together and 
to couple hose to hydrants prove the necessity for testing out 
the entire equipment carefully. A standard plug and ring are 
convenient for checking up a large equipment, and a larger plant 
needs a tap and dies for repairs. 

65. All private hose should have the same thread as the public _ 
department which would be called upon for aid, and, if possible, 
the hose equipment of industrial plants that could help each other 
should be inter-changeable. Frequently, it is not difficult or ex- 
pensive to alter hydrant nipples and hose couplings, and, even 
if the cost is considerable, such a move is almost always highly 
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desirable. See National Board booklet on Standardization of 
Threads for Fire Hose Couplings and Fittings. The standard 
2%” hose male thread is 31s” outside diameter, and there are 
7% threads per inch. An astonishingly large percentage of non- 
standard threads are sufficiently near the standard that with a 
special set of tools it is possible to bring about interchangeability. 
Every possible influence should be brought to bear to further 
hose-thread standardization. If plant couplings are not uniform 
with public department and nearby plants, a supply of adapters 
should be kept on hand. 


CARE OF HOSE. 


66. Hose is perishable and requires the best of care. It should 
be kept in standard hose houses or similar cool, well ventilated 
buildings. It should never be kept in pump house, boiler house, 
or other warm places, as rubber will quickly deteriorate under 
such conditions. Rubber or rubber-lined hose should be tested 
preferably three to four times a year, either at times of drills 
or during special tests. Once a year it should be put under a 
static test of from 100 to 150 lbs., maintained at least five min- 
utes, to show up existing defects in fabric, lining, and attachment 
of couplings. To insure hose being properly tested and inspected, 
it is good policy to number the lengths using for this purpose 
figures stamped upon the coupling. 

67. After being used, hose should be thoroughly drained and 
dried. At first glance, this might not seem essential, but atten- 
tion is called to the fact that any defect in the lining will enable 
water to reach the cotton fabric and decay is then likely to result. 
In winter time, any water which has been left in the hose is likely 
to freeze and consequently make it valueless in event of fire. 

68. To drain and dry hose most successfully, it should be 
elevated in a tower or hung from any convenient point outside 
or inside of a building. It usually requires half a day to do so 
properly. An alternative arrangement is to use a slatted sloping 
drying rack, usually 52 ft. long and 2 ft. wide, placed against the 
sunny side of a building. The mere running of a hose over a 
man’s shoulder will drive out most of the water, but it does not 
drain it properly, or dry the fabric that may have become wet. 

69. Fire hose should under no conditions be used for domestic 
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purposes. No matter how much care may be exercised, hose 
will suffer and may be out of serviceable condition at time of 
fire. It is good policy to retire old fire hose to domestic service, 
adding sufficient new hose to make up the loss, and especially to 
mark domestic hose with some prominent mark, as a red stripe 
painted the full length, so as to make it possible at a glance to 
distinguish fire from domestic hose. 


HYDRANT HOUSES AND EQUIPMENT 


70. Hose houses over yard hydrants enable hose to be kept 
connected and folded upon shelves ready for immediate use. 
Where there is no trained brigade, or during night fires, or at 
time of heavy snow, the advantages of hose houses are particu- 
larly great. To give an idea of the relative rapidity with which 
fire lines can be laid and water turned on, it can be stated that 
with a good hydrant and hose house equipment the first stream 
can usually be obtained in about 30 seconds, and two or three 
minutes are required where a cart has to be run up, hose coupled 
to hydrants, run out, nozzle attached, and water turned on. 

71. Hose or other appliances kept inside of a building may 
be inaccessible at the time of fire. Heated buildings cause cotton 
rubber-lined and rubber hose to deteriorate more rapidly. 

72. Generally speaking, hose houses should be erected over 
all hydrants, or at least over those near important buildings. 
The detailed data and illustrations on the following pages are 
selected from the rules of the National Board of Fire Under- 
writers, which should be closely followed if the best results are 
to be obtained. The principal features are protection against the 
weather and ventilation, the ventilation being secured through 
slatted floor and shelves and vent spaces under overhanging 
roof, so arranged that rain cannot drive into building. 

73. Hose is generally attached to one of the hydrant outlets, 
leaving one or more available for additional lines, which can be 
laid from a hose cart, or from reserve hose in the house. 
Sometimes double hose equipments are connected to one hydrant. 
One shelf in a standard hose house will carry 150 ft. to 200 ft. 
of single-jacketed cotton rubber-lined hose folded forward and 
back. So placed it will ventilate and can be readily inspected, 
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74. Where the conditions are such that it is necessary to lock 
hose houses, this can be accomplished by using a special lock 
with a brittle shackle, or by having a latch placed behind a glass 
plate which can be broken at time of fire. 

75. The National Board Rules show five-sided and four- 
sided houses. The advantage of the former is somewhat greater 
accessibility of the hydrant. Generally, however, the four-sided 
house is easier and a little cheaper to build, and entirely satis- 
factory if made full size. Fig. 62 shows the framework of the 
five-sided house, and Fig. 63 the equipped four-sided one. From 
these views suitable buildings can be erected. 


EQUIPMENT. 

76. The usual equipment for a hydrant house consists of: 

150-250 ft. of cotton rubber-lined hose. 

2 Underwriters’ play pipes, 30 ins. long, with swivel handles, 
and 1%-in. smooth-bore tips. 

4 to 6 Tabor spanners. 

2 fire axes, weighing about 6 lbs. each. 

2 14%4-in. X 5-ft. crow bars. 

2 canvas ladder straps. 

I extra hydrant wrench. 

1 heavy mill lantern kept filled. 

4 to 6 extra washers for hose couplings. 

1 hand line of 5¢-in. Manila rope, long enough to reach roof 
of highest building to which department might climb. 

Authors’ Note: Operating “ wrinkles” in connection with hose 

house equipment include: 

a—Soaking axe helves in hot linseed oil to avoid shrinking of 
the wood. 

b—Where there is more than one size of hydrant or indicator 
post nut, using a flat bar hydrant wrench with holes to 
fit all nuts. 

c—Using lanterns with well protected glass fonts so as to per- 
mit telling at a glance if fonts are full of oil. 

d—Many experienced plant fire brigade officers insist on using 
shut-off nozzles as do virtually all public departments. 
One very important advantage lies in ability to shut off 
water when hose tries to get away. 
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HOSE CARTS. 


77. Hose carts are useful where there are no hydrant houses 
with hose normally coupled up, where supply is needed to back 
up hydrant houses, and where there are outlying sections to be 
reached. A private brigade cart, drawn by man power, should 
have a capacity not to exceed 500 ft. of 2%-in. cotton rubber- 
lined hose. The cart should be entirely of metal, and should 
carry a box in which hydrant wrenches, spanners, extra gaskets, 
etc., can be carried. One or two Underwriters’ play pipes should 
be supported by clips or straps. Reel carts are used almost 
universally. See Fig. 64. 
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(Courtesy of Wirt and Knox Mfg. Co.) 


78. Carts should preferably be stored in an outside building 
constructed along the lines of a standard, ventilated hose house, 
and provided with a sloping approach. This can ordinarily be 
in position or it can be swung up into the building before the 
doors are closed. Electric lights *outside or inside such a cart 
house are valuable. An alternative is to use a red lantern. 


MONITOR NOZZLES. 


79, Monitor nozzles are generally placed on roofs of build- 
ings to guard against exposure, but are also located on towers or 
trestles to protect railway car yards, pulp wood piles, and lumber 
yards, and occasionally on the ground where’ they are used in lieu 
of hydrants. Their use in tower form is steadily increasing where 
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they are particularly suitable. The January, 1914, Quarterly of 
the N. F. P. A. contains a valuable article on Monitor Nozzle 
Protection of Lumber Yards. See Fig. 65 for illustration of 
tower and platform monitors, and for method of controlling roof 
monitors with valve and drain in heated portion of building. The 
following comments point out advantages and disadvantages of 
this form of protection: 
a—Monitor nozzles can be used to wet down exposing burning 
buildings, burning equipment such as cars or lumber, and 
the exposed structures on which or near which they may 
be located. 
b—Such nozzles require but one man to put them into service, 
and they can be left in operation, discharging in one 
definite direction, without attendants. 
c—Nozzles can be put into service more quickly than hose 
streams, even where hose lines are already coupled to 
hydrants. 
d—Monitor nozzles give a more effective stream for the same 
sized orifice on account of larger supply pipe, but require 
a correspondingly greater volume of water. 
e—The fixed position of such nozzles is a distinct disadvantage. 
f—Nozzles have a limited range, even under high pressures, 
See table on page 694. Distances given in table, while 
conservative, do not take into account an adverse wind. 
g—Ordinarily, water from a monitor nozzle cannot reach fire 
within a building until the fire has broken through the 
roof. 
h—A system of any size requires an exceedingly large water 
supply. 
i—The cost of monitor nozzle protection is much greater than 
for a hydrant equipment if equal covering of a given 
area is to be secured. 


PRIVATE BRIGADE 


80. The necessity of having trained men to handle fire appa- 
ratus seems self evident, and yet many plants with private fire 
protection systems entirely neglect this important feature. 
Pumps, hose, hydrants. and other equipment need expert treat- 
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ment to bring out their full efficiency, and this cannot be ob- 
tained without a thoroughly drilled private fire department. 

81. The 1923 Proceedings of the N. F. P. A. contain an ex- 
cellent treatise on the Organization, Drilling, and Equipment of 
Private Fire Brigades. It lays down as fundamental: (a) rigid 
discipline, (b) provision and maintenance of necessary apparatus, 
(c) sufficient training under discipline and with apparatus. As to 
organization, the principal suggestions are: 


a—Chief. For large plants a full-time man with fire de- 
partment experience. For smaller plants a similar 
man, if possible, with a definite portion of his time 
available for inspection and drill purposes. Chief to 
have absolute charge of fire fighting (until the ar- 
rival of the public fire department, if any), and to 
reside close to the property. 

b—Assistant Chief. A man with as nearly similar qualifi- 
cations as possible. For large plants, there may be 
two or three assistant chiefs, one of whom is on duty 
during the entire twenty-four hours. 

c—Captains. Preferably selected from among heads of de- 
partments, such as foremen, with fire fighting ex- 
perience, if possible, and ability to command men. 
Captains should rank as first, second, third, etc., so 
as to establish seniority in absence of higher officers. 

d—Companies. Generally ten men, allowing for two hose 
lines with at least four men per line. Maintenance 
men who know the plant are valuable for fire brigade 
members. 

e—Badges. These should be provided for all members, 
partly to insure admission to plant when fire occurs 
at night or when they are off duty. 

f—Remuneration. Membership in brigade should confer 
distinction and carry with it some privileges suffi- 
ciently attractive to make membership desirable. 
Payments of stated sums of money for service at 
fire drills and at fires, such as 50c. per drill or 50c. 
per hour are common, and sometimes a small salary 
as $25 per year is paid to brigade members. Occa- 
sionally a club room is provided. Failure to report 
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for practice should involve a fine unless absence is 
unavoidable. 
82. The maximum organization likely to be needed in a plant 
would require men available and trained to handle: 
1—Notifying of public and other fire departments. 
2—Fire pump or other water supply. 
3—Outside hose streams. 
4—Valve operation on fire and domestic systems. 
5—Ladders. : 
6—Chemical engines. 
7—Standpipes in buildings or on roofs and monitor nozzles. 
8—Hand extinguishing apparatus such as extinguishers and 
pails. 
g—Salvage. 
10—Policing of fire grounds. 
11—Rescuing of persons from buildings. 
83. Experience with private plant brigades has indicated that, 
although most have rendered valuable services whenever an 
emergency has arisen, the organizations as a rule leave much to 
be desired when compared to the high standard of efficiency 
which brigades can reach. Deficiencies, which will suggest their 
own remedies, include: 
a—Fire ground overrun with people, who interfere with fire 
fighting, and volunteers, not trained and not needed, 
taking a hand in work that is outside their province. 

b—Men not sticking to their previously assigned duty, as stay- 
ing at hydrants and turning on water only on word of 
man in charge of company or squad. 

c—Brigade not drilled to do specific things, as company to 

use definite hydrants and previously arranged amount of 
hose for fire in a given building or section. 

d—Too many lines of hose in service. A specific case was 

volunteers getting out eleven lines from system fed by 
one thousand gallon pump, and these being absolutely 
useless. When streams were reduced to two, fire was 
promptly extinguished. 

e—Night brigade, such in name only. No drills held at end 

of day to take advantage of light. 
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f—No fire-fighting organization available between 6 and 7 
A.M. and between 5 and 6 P.M., the interim period be- 
tween day and night shifts. 

g—Yard illumination at night not sufficient to enable prompt 
and safe work by private or public departments. 

h—Men called on to fight long fires in winter and without 
adequate rubber coats, boots, hats, and warm mittens. 

i—Men taking undue risks on ladders and roofs. 

j—Men not posted as to methods of entering smoke-filled 
buildings, the dangers of smoke explosions, and the 
hazards of materials in buildings. 

84. The value of a well-trained private fire-fighting organization, 
especially in large properties, is very great. It must not be for- 
gotten that the public fire department may be engaged elsewhere 
when fire breaks out, and that in event of conflagration, the pri- 
vate fire brigade is generally the only force available for protec- 
tion of property. The management should provide adequate equip- 
ment, pay necessary compensation, and take a live interest in the 
affairs of the brigade. Where there are two or more plants under 
one management, annual inter-plant contests do much to stimulate 
interest. 

85. The N. F. P. A. report, referred to above, lists the equip- 
ment desirable for fire brigade use in a large plant, quite in 
addition to hydrant protection and regular interior equipment. 
The list is reproduced herewith, but it must be understood that 
exact quantities will vary greatly with different situations. It 
is interesting, almost startling, to observe the great variety of 
equipment required. Many of the items listed are discussed in 
detail in other portions of this book. See index when details are 
desired. 


A—FIRE STATION EQUIPMENT 


. Isolated fire-resistive building in center of works. 

. Framed plan of water mains with all section control, sprin- 
kler valves, hydrants and fire alarm boxes shown, and 
numbered. 

. Framed plan of watchman’s route and stations. 

. List of Fire Brigade membership with addresses and tele- 
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phone numbers of Chief and other officers, Works Man- 
ager, local fire department, and Doctor. 


. Drill attendance book. 

. Hose and Chemical Extinguisher record book. 

. Inspection forms, and files for copies. 

. Red tag valve control board and supply of red tags. 

. Desk with drawers and chair, cuspidor. 

. Set of National Board of Fire Underwriters pamphlets ap- 


plicable to local plant, Field Practice, and Standard 
Handbooks on Fire Protection. 
Notice Board. 


One First-aid kit. Artificial respiration chart. 


B—APPARATUS 


. 6 fire buckets. 


6 carbon tetrachloride extinguishers. 


. 3 2% gal. soda acid extinguishers. 
. 3 2% gal. foam type extinguishers. 


24 firemen’s helmets, 24 pairs woolen mitts. 
24 pairs firemen’s rubber boots (half hip). 
24 pairs firemen’s rubber coats, belts, and spanners. 


- 12 kerosene lanterns trimmed, supply of safety matches. 
. I hose reel, 400 ft. spare hose. 
. Reel equipment: axe, steel bar, 1 nozzle, 4 wrenches, 6 hose 


straps, spare washers, and hydrant cut-out valve. 


. 50 ft. %-in. rope. 

. I 20 gal. or 40 gal. chemical engine. 

. 2 dozen hose straps. 

. 6 axes. 

. I cross-cut saw (2 handed). 

. I rip saw. 

. 4 spare 1%-in. play pipes, 2 flexible play pipes, with shut- 


off nozzle. 


. 100 ft. %-in. Manila rope. 

. 200 ft %4-in. Manila rope and hook. 
. 3 electric lanterns. 

. 2 strong steel crow bars. 
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. 1 ladder, at least 24 ft., or of sufficient length for the work 


required. 


. 6 salvage tarpaulins. 

. I deluge set, 3-way Siamese, nozzles 1% to 2 in. 
. 4 double female hose couplings. 

. 6 hydrant cut-out valves. 

. 4 dozen hose coupling washers. 

. I door opener. 

. 2 smoke helmets. 


C—SPARE EQUIPMENT AND STORES 


. 12 spare lantern globes. 

. 3 shovels. 

. 2 pitchforks. 

. I wheelbarrow. 

42 ollucans: 

. I I-gal. safety can for alcohol for thawing out frozen valves 


and hydrants. One can for kerosene. 


. I hand pump for excavations. 
. 2 kerosene oil heaters for emergencies. 
. I work bench, vise, sundry small tools, spanners, hammer, 


etc. 


. 2 dozen fusible links for fire doors. 
. 100-165 degree sprinkler heads. 
. 50-212 degree sprinkler heads. (Only required if 212° heads 


are used.) 


. 25-286 degree sprinkler heads. (Only required if 286° heads 


are used.) 


. 25-360 degree sprinkler heads. (Only required if 360° heads 


are used.) 


. 25 ordinary heads corroproofed. (Only required if corro- 


proofed heads are used.) 


. 6 in., 8 in, 10 in. and 12 in. soft wood taper plugs, and 


wedges for water mains. Keep well oiled. 


. Hemp for pipe joints. 

. 100 lb. lead for pipe joints. 

. I hose coupling expander. 

. 2 dozen expander rings 2%-in., or local standard. 
. 150 ft. spare 11%4-in. unlined linen hose (if used). 
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. I dozen clips for unlined linen hose (if used). 
. 4 spare 114-in. x %-in. brass hand hose nozzles. 


400 lb. coarse salt. 


. 1,000 |b: calcium chloride for anti-freezing solutions. 

. 300 Ib. bicarbonate of soda. 

. 4 gals. sulphuric acid. 

. 5 gals. special carbon tetrachloride fluid for I quart extin- 


guishers. 


. I dozen spare acid bottles and stopples for extinguishers. 
. I dozen spare hose and nozzles for extinguishers, also cap 


washers. 


. I spare hydrant valve and spindle complete. 
. Spare rubber seats for dry-pipe valves if required. 
. 40-ft. extension ladder for sprinkler replacements. 


I barrel of sawdust (preferably hardwood sawdust) and 
sieve. 
strainer and funnel for filling chemical extinguishers. 
small funnel for filling carbon tetrachloride extinguishers. 
pair of scales, 25-lb. capacity. 
pint measure. 


dozen charges for Foam Type Extinguishers. 
set sprinkler fittings complete for 6-in. section. 
spare lengths 6-in., 8-in., 10-in., and 12-in. C. I. Pipe for 
water mains. 
Spare lengths 34-in., I-in., 114-in., 1%4-in. W. I. Pipe. 
Spare parts for small dry-valve fittings. 
Pressure gauge. 
I tap and die for standard hose coupling threads. 


VOLUNTEER FIRE DEPARTMENTS. 


Volunteer, or Paid-On-Call, fire departments exist in far 
communities than full-paid departments. Volunteer depart- 


ments have no place in cities of any size, and, even in smaller 


cities, 


it is desirable to have at least a few full-time professional 


firemen as a nucleus for the department. Chapter 25, on Public 
Fire Departments, while written principally with larger cities in 


mind, 


contains much applicable to volunteer departments, and the 


preceding section on Private Fire Brigades considerable in addi- 
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tion. The Tennessee Inspection Bureau of Nashville, Tenn., has 
issued a suggested ordinance for Paid-on-Call Fire Departments. 
A number of N. F. P. A. articles also bear on this important 
subject. 


FIRE LADDERS. 


87. Almost every plant needs one or more fire ladders to 
enable the brigade to reach windows, roofs, and other high points. 
Generally, it is true that efforts to extinguish fire and protect 
exposed buildings will require more along these lines than would 
be expected. Good practice calls for one or more permanent lad- 
ders to the roof of every important building, where roof slope 
is not so great as to be dangerous, and one or more portable lad- 
ders of proper length (generally not over 40 ft. because too heavy 
to handle), for use wherever needed. 

88. Permanent ladders should preferably be of metal, because 
of danger of wooden ladders rotting and failing at time of fire. 
They should extend at least 3 ft. above roofs or parapets. Good 
specifications are rails %4-in. X 2-in. bar iron, and 16 to 18 in. 
apart; rungs 7-in. round riveted to rails, and spaced 12-in. 
centers; ladder firmly supported and at least 8 in. from any por- 
tion of building which it passes. Permanent ladders are often 
placed opposite hydrants. 

89. Portable ladders should be of the regular fire department 
type and long enough to reach highest points to which firemen 
might want to climb. Ladders should be protected against the 
weather and reserved for fire duty. 


PLAN OF FIRE SYSTEM 


90. An accurate plan of the entire fire system, showing under- 
ground piping, gate and check valves, hydrants, and post indi- 
cators controlling sprinklers is of great value, especially if an 
emergency arises requiring quick closing of valves which control 
the section in trouble, and not crippling the balance of system 
any more than can be avoided. Such a plan includes also build- 
ing outlines and names as well. A 30 ft. scale is practical. Plans 
should be posted under glass in office, power house, fire brigade 
headquarters, and gate house, and it is often good practice to 
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mount prints on linen, roll them up in an oilcloth cover, and keep 
them in hose house for use at time of fire. Plans are occa- 
sionally given to the public fire department for its information. 
Naturally plans must be kept up-to-date. The time to map new 
work is while it is being put in. The generally excellent plans 
of Underwriters’ inspection departments either will answer this 
purpose or make a foundation for a plan drawn at the property. 
See Fig. 58, page 304, and Fig. 160, page 680. 


PLANT ILLUMINATION. 


91. It is true that it takes good artificial illumination to fight a 
night fire effectively and safely. In addition it is essential that 
roads be clear, housekeeping good, and the possibility of rapid 
work at night anticipated as far as possible. Yard lighting 
should be on separate circuits so that fires in buildings may not 
cripple the illumination at the critical time. Yard lights should 
be located with special reference to hose houses, hydrants, main 
roads, and permanent roof ladders. 


FOAMITE. 


92. The extinguishment of fires in oils and other volatile liquids 
in large storage tanks cannot effectively be accomplished with 
water or with steam. This has long been recognized by the oil 
refiners and producers. 

93. About fifteen years ago, the foam method of fire extinguish- 
ment first came into use as an effective means of reducing the very 
considerable annual fire loss in oil properties, due principally to 
fires caused by lightning. This method of fire extinguishment 
involves the generation and application to the burning oil surface 
of a foam consisting of a mass of tiny bubbles inflated with 
carbon-dioxide gas which floats on the oil surface and smothers 
the fire. The efficiency of this method is now generally acknowl- 
edged, it is widely used, and the system as designed by the Foamite- 
Childs Corporation is approved by Underwriters’ Laboratories. 

94. In the early development in the art of foam fire protection 
many formulae were used for the chemical solutions, yarious mate- 
rials were used as foam-making agents, and several methods em- 
ployed for mixing solutions and applying the resulting foam to 
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the burning oil surface. These were improved from time to time: 
First: To secure greater efficiency from the solutions. 
Second: To insure that the foam would reach the oil surface 
and without submerging. 
Third: To make full storage capacity of the oil tank available. 
Fourth: To insure that the parts of the system attached to the 
oil tank would not be damaged by the explosion which usually 
-accompanies an oil tank fire. 
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95. Automatic systems were among the early ones employed in 
connection with oil storage tanks, but these have been abandoned 
as being unnecessary and unduly complicated. 

96. Modern systems for the protection of oil storage tanks usu- 
ally employ a steam driven twin duplex pump, by means of which 
the two chemical solutions are pumped from solution storage tanks 
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through separate main solution headers running near all of the 
oil tanks which are protected. From these main headers, branches 
are lead to each oil tank where they are terminated in a mixing 
chamber. In case of fire, the valves in the branch lines leading 
to the mixing chamber attached to the tank on fire are opened 
and the pump is started, the two solutions being pumped through 
the main headers and the branch lines into the mixing chamber 
where they mix and form foam which is discharged enmasse down 
the inside of the tank on to the burning oil surface. There it 
floats and spreads out until the entire surface of the oil is covered 
and the fire is smothered. See Fig. 66. 

97. To foam solution distributing pipes it is customary to attach 
special hydrants so that foam can also be discharged through 
hose lines. 

98. The chemical solutions used in the FOAMITE system con- 
sist of: 

“A”—Aluminum sulphate mixed with water, and 

“B ”—Bicarbonate of soda and Firefoam (employing licorice 

root) mixed with water. 

99. The FOAMITE system has also been adapted to the pro- 
tection of processing tanks used in manufacturing establishments. 
Such systems are usually automatic in operation. It has also been 
adapted to the protection of boiler rooms and pump rooms of oil- 
burning passenger and cargo ships. 

100. See N. F. P. A. rules for Foam Fire Extinguishing Sys- 
tems and for Marine Fire Hazards. See also page 451 for data 
re foam hand extinguishing apparatus. 


SEALITE. 

101. In 1922, the Standard Oil Company of New Jersey an- 
nounced the commercial production of “ Sealite,” designed to re- 
duce evaporation of oil from storage tanks and also the risk of 
fire. Crude oil and gasolene storage tanks need such protection 
most. It is claimed that experiments over a period of two years 
have proved the merit of the method. 

102. “ Sealite No. 553,” is a mixture of glucose, cornstarch, gly- 
cerine, calcium chloride, and glue, beaten up to entrain air bubbles. 
It is a highly viscous fluid, weighing approximately 4.75 lbs. per 
gallon, which flows readily except at low temperatures. It loses 
its ability to flow at 25 degrees F. It has been held at 10 degree 
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F. and also at 180 degrees F. without change in properties. Some 
of its constituents are of a drying character and some hygro- 
scopic; hence there is supposed to be no loss or gain of water upon 
exposure to air. It is soluble in water and insoluble in any 
petroleum oil. It is generally applied in a layer one inch thick, 
and, in standard size storage tanks, the cost is from 3 to 5c per 
barrel of oil protected. 
103. From an evaporation standpoint, “ Sealite” acts in two 
ways: first, it keeps the air from the surface of the oil, and, sec- 
ondly, it protects it against the rays of the sun. It is reported to 
return in reduced evaporation 500% to 1,000% per year on the cost 
of protection. 
104. From a fire protection standpoint, “ Sealite” also acts two 
ways: first, the virtual elimination of evaporation makes ignition 
of oil vapor relatively difficult, and, secondly, the blanket acts 
very much as does “‘ Foamite,’ in preventing the burning of the 
surface of the liquid. 
105. The cautions offered by the manufacturer are primarily: 
a—Solution is not recommended for working tanks, as the move- 
ment up and down causes the mixture to lose its en- 
trained air, and the heavy ingredients drop to the bottom 

b—Solutions are readily soluble in water, hence tight roofs are 
necessary, and steam cannot be used in a tank so pro- 
tected. 


FIGHTING OIL FIRES. 


106. The difficulties of extinguishing an oil fire of size are gen- 
erally great; sometimes, even in properties supposedly capable of 
coping with any situation, the loss is total and exposure losses 
also result. Obviously fire prevention assumes unusual impor- 
tance in refineries, oil distributing stations, and similar properties. 
See pages 55 and 90. Similarly, retarding the spread of fire, by 
separation of tanks and buildings, and by dikes and walls is usu- 
ally of vital importance, where a break in a tank may turn loose 
thousands of gallons of oil on fire over the entire surface. The 
preceding sections regarding “ Foamite” and “ Sealite” cover the 
best extinguishing methods yet devised, and “ Sealite” also has 


merit as a preventive. In addition there are a number of points 
worthy of recording : 
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a—If oil has escaped from a tank and spread over a large area, 
no system of extinguishing can be relied on to be effec- 
tive. For moderate areas, foam applied by hose lines — 
may be adequate. 

b—If a tank is threatened by fire, either exposure or lightning, 
filling the upper portions either with steam or with foam 
is a good precaution. 

c—Facilities, through adequate. large mains and ample pump 
capacity, for transferring oil from tanks on fire or 
threatened, are valuable in reducing amount of oil in- 
volved in a fire. 

d—Floating booms, consisting of timbers connected by short 
lengths of chain, can be used to protect piers, ships, and 
other property in or adjacent to water on to which burning 
oil has spread. 

e—One refinery uses an emergency foam tower on wheels to feed 
foam over the edge of a tank on fire. Supply to this 
tower is through hose lines. 

f—Another excellent refinery fire prevention idea is the installa- 
tion in the pump house, and elsewhere if desired, of a 
diagram showing each tank and its steam, water, and 
foam connections and control valves. A fight against a 
fire can be better planned with such a diagram. 

g—Portable incombustible fire shields, slotted for a play pipe, 
are commonly used to enable fire fighters to approach 
closer to hot fires. 

h—Asbestos clothing is feasible under such conditions, and has 
had some field use. 

i—Shovel squads play an important part in restricting the spread 
of burning oils. 


CHAPTER 28 
INTERIOR FIRE EXTINGUISHING APPARATUS 


(Exclusive of Automatic Sprinklers) 


1. Practically all fires are small at the beginning. Many are 
discovered in their incipiency. For the lack of a convenient pail 
of water untold millions of dollars worth of property and many 
lives have been sacrificed. Interior fire extinguishing apparatus is 
needed primarily to take care of incipient fires, and for this 
reason the liberal use of suitable equipment is urged. Stand- 
pipes, whether fed by water or chemicals, if they have hose small 
enough for convenient handling, and if there are a_ sufficient 
number of connections, can to a large extent take the place of 
portable equipment. Large standpipe systems, employing 2™%-in. 
hose, have far more value to a trained department than to the 
ordinary employees, and it is generally advisable to rely on out- 
side private or public streams to handle fires that have gotten 
beyond the control of small apparatus. 

2. On the opposite page appears a tabulation of available equip- 
ment, much of which is of course suitable for use outside as well 
as inside of buildings. See in this connection National Board 
Rules of 1922, covering First Aid Fire Appliances. Regarding 
this tabulation the following explanations are offered: 


a—Capacities are the usual ones; some other sizes are also ap- 
proved by Underwriters’ Laboratories. Stationary Foam 
systems can be furnished in any desired capacity. 

b—Steam jets require special designs to meet each situation. 

c—Woolen blankets are excellent to extinguish fire in clothing, 
and asbestos ones to cover containers of inflammable liq- 
uids. 

d—Discharge distance represent best average practice. When 
extinguishers depending on chemical reaction are cold, 
streams generally are much shorter. 
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FIRST AID FIRE APPLIANCES 
and Underwriters’ Laboratories’ Classification 
Col. > 
1 Col. 2 Col. 3 Col. 4. Col. 5. | Col. 6.| Col. 7. 
Dis- | Prot 
; ; . charge} Vs Und. 
& <>] Kind of Equipment. | Capacity} Method of Dis- | Freez-} Lab’s.’ 
3 Zz in Gals. Operation. tance ing Classif. 
in Feet.| Re- 
quired 
WATER: 
1 Pails 3 Manual 5-10 Yes | A-5 
2] Pailsin Tanks (5 
pails) 22 Manual 5-10 ee (=i 
3 Casks and Pails (3) | 50 Manual 5-10 Se A-1 
4 Hand Pumps 3 Hand Gen. 
Press. 30-40 ‘s A-2 
5| Hand Pumps 5 Hand Gen. 
Press. 30-40 ff A-1 
6 Hand Hose 13” to 
23" Various Various " A 
Sopa-Acip: 
7 Hand Extinguisher 14 Int. Gen. Press.| 30-40 ‘s A=? 
8} Hand Extinguisher 23 Int. Gen. Press.| 30-40 < A-1 
9| Wheeled Extin- 
guisher 17 Int. Gen. Press. 50 A 
10} Wheeled Extin- 
guisher 33 Int. Gen. Press. 50 s A 
11] Stationary Extin- 
guisher 100 up Int. Gen. Press. 50 i A 
Foam: 
12] Pails 3 Manual 5-10 # A-5; B-5 
13} Automatic Foam 
Can 3 Int. Gen. Press.| 1- 5 s A B 
14 Hand Extinguishers 24 Int. Gen. Press.| 30-40 t A-1; B-1 
15] Wheeled Extin- 
guishers 33 Int. Gen. Press. 50 ss A B 
16} Stationary Extin- - 
guishers Desired |Int. Gen. Press. 50 Se te B 
Non-FREEZING: 
17} Carbon Tetra- 
chloride 1 qt. Hand Gen. 
Press. 10-20 No |B-2; C-2 
18| Carbon Tetra- 
chloride 14 qts. | Hand Gen. 
Press. 10-20 Ui B-2; C-2 
19 | Calcium Chloride 
Extinguisher 23 gals.{Int. Gen. Press.| 30-40 iS A-1 
MISCELLANEOUS: 
20] Sand Pails 3 ‘* | Manual 1-5 + B-5; C-5 
21] Sawdust and Soda 8 bu. | Manual 5-10 > B-1 
22] Steam Jets Special 
23] Carbon Dioxide 
Extinguishers Special 
24 Blankets (Wool) 
25 | Blankets (Asbestos) 
26| Dry Powder Tubes Not Approved] 
271 Hand Grenades Not Approved 


Int. Gen. Press. 


ss 


means Internally Generated Pressure. 
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e—If sand pails and sawdust are wet, they of course require 
protection against freezing. 

f{—Underwriters’ Laboratories classification is based upon the 
following classes of fires: 

Class “A,” Quenching. Fires in ordinary combustible 
materials where the quenching and cooling effect 
of quantities of water, or solutions containing large 
percentages of water, is of first importance. 

Class “ B,” Blanketing. Fires in small quantities of in- 
flammable liquids, greases, etc., where a blanketing 
effect is essential. 

Class “C,”’ Non-conducting. Fires in electrical equip- 
ment where the use of a non-conducting liquid is 
of first importance. 

g—Certain extinguishers, as Foam and carbon tetrachloride, are 
approved for two classifications. 

h—The figures I, 2, or 5, indicate number of pieces of equip- 
ment required to constitute one first aid fire appliance 
unit, which in turn is designed to afford protection for 
an average building over an area of 2,500 sq. ft. 

i—Where no figures follow letters, in column 7, letters are used 
simply to show fires for which equipment is suitable. 


SELECTION OF EQUIPMENT 


3. The result of having such a variety of equipment from which 
to select has been that many properties have altogether too many 
kinds of equipment, and occasionally more than the conditions war- 
rant. One important industrial plant has 11 kinds (of several 
types) of hand extinguishing apparatus, requiring not only almost 
technical knowledge to make a proper selection at the time of 
fire, but also keeping on hand a large variety of charges and 
spare parts. The average property can advantageously limit itself 
in hand extinguishing equipment to the following: 

If buildings are sprinklered, 

a—Iinside hose (1%-in. or 1%-in.) on sprinkler piping, and 

a few soda-acid extinguishers or water pails. 
b—Or a more liberal supply of soda-acid extinguishers, or 
a combination of extinguishers and pails. 


Interior Fire Extinguishing Apparatus 433 


If buildings are not sprinklered, 

a—Standpipes with 1%-in. hose and a few soda-acid extin- 
guishers or water pails. 

b—Or a more liberal supply of soda-acid extinguishers, or a 
combination of extinguishers and pails. 

For special hazards, 

For power house, dip tank, paint shop, oil house, garage, and 
similar hazards, an equipment of foam and carbon tetra- 
chloride extinguishers, or sand or sawdust and soda mix- 
ture, or a combination of perhaps two of these in addition 
to the general protection. 

4, Every plant should aim to standardize each class of equip- 

ment. 


PROTECTION OF A TYPICAL BUILDING. 


5. As an example of what is deemed good practice, a certain 
sized building is assumed and the protection which it could 
properly have is outlined. The rating schedules used by the 
Underwriters in different sections of the country generally specify, 
especially for mercantile buildings, the amount of equipment 
required to obtain rate reductions or to avoid charges for the 
lack of protection. Consequently, the Underwriters having juris- 
diction should be consulted before important improvements are 
made. 

6. The assumed building is 75 ft. wide, 200 ft. deep, 5 stories 
and basement in height, without attic, and of ordinary construction 
as regards floors, partitions, etc. 

7. Pails filled with water to be provided in groups of five in 
store rooms, basement, and especially where combustible storage 
is present. 

8. Two one-quart carbon tetrachloride extinguishers or five 
pails filled with sand, to be provided in power plant where electric 
machinery and oils are present. 

9, From two to four soda-acid 2% gallon extinguishers to be 
placed in halls in each story, including basement. 

10. Two standpipes, 3 in. to 4 in. in diameter and carrying 
sufficient 114-in. hose to enable all points to be reached with at 
least one stream, to be placed prominently in halls. Pressure to 
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be sufficient to maintain at least thirty pounds in top story and 
water supply to be preferably from water works or from pres- 
sure tank. 

11. If standpipes are to be used also by city fire department, 
diameter to be 6 in. and each standpipe to have in each story 2¥2-in. 
connections to which department can attach its own hose, these 
in addition to the 114-in. private hose. Siamese connection to be 
provided for fire department use. 

12..A summary of the requirements for this building is as 
follows: 


Water, Pails... 5. . <1. teeter ee tard ata 20-40 

Sand Pailss ss Ve. Ss TU eta 5 
or 

Carbon Tetrachloride Extinguishers....... 2 

Soda-acid Extinguishers..............0-5. 12-24 

Stand pine, Connections. 6. 5. a. tue. de> <sbesies 12 


ESSENTIAL FACTS REGARDING APPARATUS 


13. The following brief statements regarding the principal 
advantages and disadvantages of interior fire-fighting appa- 
ratus are followed by detailed data: 

14. Pails Filled with Water—Advantages: Low cost; ease 
of operation; readily understood; protection against freezing 
practical. Disadvantages: Maintenance difficulties; limited 
range; many portions inaccessible. 

15. Pails in Tanks—Advantages: Reserve supply for pails; 
easily understood; protection against freezing practical; neat 
appearance. Disadvantages: Limited range; many portions 
inacessible; cost moderately high. 

16. Casks Filled with Water—Advantages: Low cost; re- 
serve supply for pails; protection against freezing practical. 
Disadvantages: Maintenance difficulties; limited range; many 
portions inacessible. 

17, Hand Pumps—Advantages: Good range; reasonable dis- 
charge period; protection against freezing practical. Disad- 
vantages: Cost moderately high. 

18. Hose on Sprinkler Piping—Advantages: Good range; 
sustained streams; simplicity; relatively low cost. Disadvan- 
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tages: Dependent on same water supply as sprinklers; not pos- 
sible on dry systems. 

19. Standpipes and Hose (Water)—Advantages: Good 
range; sustained streams; simplicity. Disadvantages: Cost 
high. 

20. Soda-Acid Hand Extinguishers—Advantages: Good 
range; reasonable discharge period; easily maintained; stream 
carries gas and some salts. Disadvantages: Cost moderately 
high; operation not always undérstood. 

21. Soda-Acid Engines on Wheels—Advantages: Replace 
standpipes to a considerable extent; good range; reasonable 
discharge period; stream carries gas and some salts. Disad- 
vantages: High cost; difficulty of moving in some buildings. 

22. Soda-Acid Standpipe Systems—Advantages: Approxi- 
mately equai ordinary standpipe systems; minimum water 
damage. Disadvantages: Most systems not well developed 
mechanically; cost high. 

23. Foam Pails—Advantages: Effective on ordinary fires; 
particularly effective on oil fires; readily understood. Disad- 
vantages: Cost high. , 

24. Automatic Foam Cans—Advantages: Espcially designed 
for use over open dip tanks or similar containers. Disad- 
vantages: Cost high. 

25. Foam Hand Extinguishers—Advantages: Effective on 
ordinary fires; particularly effective on oil fires; good range; 
reasonable discharge period; considerable foam capacity. Dis- 
advantages: operation not always understood; cost moder- 
ately high. 

26. Foam Engines on Wheels—Same as Foam Hand Ex- 
tinguishers; also large capacity replaces standpipes to con- 
siderable extent. 

27. Foam Standpipe Systems—Same as Foam Engines on 
Wheels. Systems generally used outside of buildings. 

28. Carbon Tetrachloride Extinguishers—Advantages: Ef- 
fective on electric and some oil and chemical fires; compact- 
ness;_ non-freezing.. Disadvantages: Cost moderately high; 
not advisable for general protection; operation not always 
understood... 
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29. Calcium Chloride Extinguishers—Advantages: Good 
range; reasonable discharge period; non-freezing. Disadvan- 
tages: Limited field experience; cost moderately high. 

30. Sand (in Pails, Casks, and Bins)—Advantages: Low 
cost; efficient on oil and similar fires. Disadvantages: Hard 
to throw; caking; maintenance difficulties. 

31. Sawdust and Soda—Advantage: Low cost; efficient on 
fires in heavy inflammable liquids. Disadvantages: Purpose 
not always understood; maintenance difficulties. 

32. Steam Jets—Advantages: Effective on inflammable liq- 
uids and in dry kilns under favorable conditions. Disadvan- 
tages: Large steam supply required; tight building required; 
limited to moderate size structures; cost may be high. 

33. Carbon Dioxide Gas Extinguishers—This refers to de- 
vices using gas as the extinguishing part. They are special 
and there is limited field experience. 

34, Blankets (Asbestos or Wool)—Advantages: Exclude 
air from burning materials. Disadvantages: Maintenance dif- 
ficulties. 

35. Dry Powder Tubes—Unsatisfactory record; not ap- 
proved under any conditions. 

36. Hand Grenades—Unsatisfactory record; not approved 
under any conditions. 


PAILS FILLED WITH WATER. 


37. It is generally admitted that more fires are extinguished by 
pails of water than by all other means combined. This is because 
everyone understands and instinctively uses the pail, and it can 
be almost instantly employed while the fire is still in its incipiency. 
Pails filled with water are effective on incipient fires in ordinary 
combustible materials (such as wood, paper, textiles, rubbish, etc.), 
ie, on Class “A” fires, where the quenching and cooling 
effect of quantities of water or solutions containing large per- 
centages of water is of first importance. They are of value also 
on incipient fires in floors, soaked with oils, greases, etc., where the 
quenching and cooling effect of the water may be utilized; but 
are not effective on fires in inflammable liquids, greases, etc., in 
vats, open vessels, etc., where the blanketing effect is essential. 

38. The principal shortcomings of pail protection are the 
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Fic. 67. ARRANGEMENT OF WATER CASKS AND PAILS 
(Courtesy of Independence Bureau) 
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tendency to use them for domestic purposes, evaporation and 
fouling, and that they are judged unsightly for some locations. 
Furthermore, when used, all water in a pail is thrown at a fire 
at once, and.there is no reserve, save more pails. It is also diffi- 
cult or impossible to reach, with water from a pail, a fire burning 
within flues, behind sheathing, on overhead construction, or on 
high ceilings. Fouling can be retarded through the use of lime 
or charcoal placed in the water. 

39. Types—i2 qt. flat-bottom galvanized iron or steel or 
fibre pails, painted red on outside and stenciled “FIRE” or “ FIRE 
ONLY” in black letters not less than 21% ins. high are commonly 
used. In some jurisdictions, Underwriters require pails having 
round or conical bottom, which of course should then be provided. 

40. Numbers and Arrangement—The general rule of the 
National Board regarding the number of’ pails and their placing 
calls for not less than 5 to every 2,500 sq. ft. area, and pails 
to be hung on hooks or set on shelves arranged so that the bot- 
toms of pails will not be less than 2 ft. nor the tops of pails 
more than. 5 ft. from floor. Where other than flat-bottomed 
pails are used, the holes cut in shelves shall only be large enough 
to receive the oval or cone, and flanges of pails shall rest on 
shelf. Units (5 pails) should be so placed that the travel from 
any point to the nearest pails will not exceed about 35 feet. See 
Fig. 67 for suggested arrangement of casks and pails. © 


PAILS IN TANKS. 


41. Metal tanks with covers, commonly called “ Bucket Tanks,” 
ranging in capacity from 22 to 40 gallons, and containing 5 or 
more nested pails, are in common use as a substitute for ordinary 
pails and for wooden casks and pails. The appearance of bucket 
tanks is neat, upkeep is easy, and by using calcium chloride freez- 
ing can be.prevented. Tanks approved by the Laboratories. should 
be purchased. A 22-gallon tank and 5 pails is considered a unit 
of protection. 


PAILS WITH SEALED COVERS. 


42. Generally speaking, the use of such pails is not advocated 
since their use is not obvious, they may get out of order, they 
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cannot be readily repaired, and some are particularly liable to 
corrosion. 

43. Certain types, however, after vigorous Laboratories and 
field tests have demonstrated their value as regards non-evapora- 
tion and non-freezing, and have been approved. Before pur- 
chasing it should be ascertained that. the approval of the Labora- 
tories has been obtained and that equipment is acceptable to the 
Underwriters having jurisdiction. 


CASKS AND PAILS. 


44, Old oil barrels of 50 to 60 gallons capacity are commonly 
used for a reserve supply for pails and are placed both inside and 
outside of buildings. Casks are properly painted red and stenciled 
similarly to pails, fitted with covers, and provided with three pails 
each. See Fig. 67. Casks have been placed in cast-iron pans on 
short legs in order that water leaking from casks might not 
cause dry rot in floors. A 50-gallon cask and 3 pails is considered 
a unit of protection. 


HAND PUMPS. 


45. The old-fashioned hand pump attached to a bucket of fair 
capacity, and capable of giving an effective stream as long as 
water was provided, has considerable merit. It combines effi- 
ciency and simplicity. Particularly well built pump tanks of 2% 
and 5 gallons capacity have been approved by the Laboratories. 
Non-freezing ‘solutions can of course be used. 


NON-FREEZING SOLUTIONS. 


46. Salt and Calcium Chloride—The objections to common 
salt used to prevent the freezing of water are: Inability to depress 
freezing point appreciably below zero degrees F., corrosive ac- 
tion, and tendency to creep and crystallize over the container. 

47. Calcium chloride free from magnesium chloride is far su- 
perior under ordinary northern winter conditions, and its use is 
therefore advised. Because it reacts with bicarbonate of soda, 
calcium chloride must never be used in a soda-acid extinguisher. 

48. The comparative freezing points of salt and calcium chloride 
solutions are shown in the following table: 
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Freezinc Pornts of SOLUTIONS OF CoMMON SALT AND OF 75 PER 
Cent. CALCIUM CHLORIDE 


Freezing Point. 
‘Ss + r 
pe Gal, pee Gal dota ne Degrees ea Calcium Chloride. | 
of of at soclG,| Beaune) ee bees 
Water. | Solution. Deg. F. Deg. C. eg. 
0.50 1.024 3 13 + 24 
1.00 1.055 6 27 + 18 
1.50 1.40 1.081 10 40 “+ 3r.0 | — 6.5 | = 2 
2.00 1.80 1.123 13 52 + E4.Aa\ — 10-821) 13 Oo 
2.48 2.28 1.150 20 80 + 7.5 | —136| + 1 
2m |i P2200 1.176 22 88 eh ie coe — 3 
3.50 3.00 1.201 24 95 ==! 8.77 —"92.6"7 
4.08 3-40.,.|| 53227, 26 104 —= 25S 4 =8G.0 
4.70 a.8004) 1252 29 II4 — 32.6 | — 36.0 
5.35 4-20 | 1.277 31 121 — 50.0 | — 45.5 
5.55 4.40 | 1.283 32 124 — 54.4 | — 48.0 
6.00 4.60 1.303 34 — 39.0 | = 39:5 
6.65 5-00 | 1.328 36 — 9.76 | — 23.2 


49. The table assumes common salt in crystalline form and 
75% crystalline calcium chloride as supplied commercially. 

50. Forty per cent. calcium chloride solution (specific gravity 
1.4) diluted with an equal amount of water will give a solution 
freezing at approximately —o° F. 

51. The National Board regulations covering First Aid Fire 
Appliances put the facts regarding calcium chloride in somewhat 
different form, viz., amount of water and calcium chloride to 
make a given amount of solution. 


ete To make 2} Gallons Anti-freezing Solution. 
reezing 

Ea eoberatiye 

egrees Calcium Specifie Degrees 

Fahrenheit. Water. Chloride. Gravity. Baumé. 
LOSI ae eet 2 Gals. 1 qt. 5 lbs. 1.139 17.7 
MONON vinden vtpdart 2 Gals. 1 qt. 6} lbs. 1.175 21.6 
LOP below odes. « 2 Gallons 7 Ibs. 6 oz. 1.205 24.7 
20F et eriaty kak 2 Gallons 8 lbs. 6 oz. 1.228 26.9 
CL A, ere 2 Gallons 9 lbs. 2 oz. 1.246 28.6 
SOP TO Fea? Gallons 10 Ibs. 1.263 30.2 


Note: This table is based on granulated 75% calcium chloride. 
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52. Casks to be able to withstand the penetrating power of 
calcium chloride solution must be well pitched inside. Even then 
they sometimes fail to hold the solution. Bucket tanks are, there- 
fore, popular where the freezing danger exists. 

53. Salt at the rate of one quart for a 2%-gallon soda-acid 
extinguisher is reported to depress the freezing-point to + 15° 
F. Its use is not advisable, largely because a cold extin- 
guisher does not operate well. Calcium chloride cannot be 
used because it reacts with the soda. 

54. Glycerine—The use of glycerine in chemical extin- 
guishers will lower the freezing point to about o° F., but it has 
the objection of high cost, of the possible decomposition of soda, 
and of creating a scum on the surface of the water which clogs 
the outlet, as well as the objection that the stream from a very cold 
extinguisher is very feeble. 

55. Sulphuric Acid—This acid has a remarkable freezing 
curve. 66° B. (oil of vitriol) is the customary strength for soda- 
acid extinguishers. It freezes at— 29° F. 6534° B. freezes at 
—1°; 65%4° B. at + 13.4°; 64° B. at 46.4° F., and between 59° B. 
and 23° B. the freezing point is never higher than—7° F. A 
small amount of moisture absorbed by oil of vitriol may cause 
the acid to freeze at a point higher than water. It has been 
recommended that 58° acid (made up at the plant if desired) 
and freezing below o° F. be used. Only a little more would be 
needed in each extinguisher bottle than of the oil of vitriol 
strength. The strength of the acid should be ascertained with 
a special hydrometer. Fig. 68 shows the remarkable freezing 
curve of sulphuric acid. 


HOSE ON SPRINKLER PIPING. 


56. The automatic sprinkler rules permit the use of hand hose 
on wet systems only under the following conditions: 

a—Pipe nipple and hose valve to be 1 in. 

b—Hose to be 1% in. or 1% in. in size. 

c—Nozzle not to be larger than % in. 

d—Hose not to be connected to any pipe smaller than 2% in. 

53. Such a hose connection is in effect a portable sprinkler and 
equipment of this kind is exceedingly desirable. 1%4-in. unlined 
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linen hose is recommended. See next section for details of in- 
side hose installations. 


STANDPIPES AND HOSE. 


57. Much valuable protection may be secured from standpipes 
and hose, particularly if buildings are not equipped with the 
much more expensive and efficient automatic sprinkler system. 
Standpipes have value for protection against exposure as well as 
for interior fires. Four things are necessary: A supply of water; 
installation of pipes, valves, and hose; constant maintenance; and 
persons available who have the knowledge and inclination to 
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make prompt use of such facilities. See the specifications on 
standpipes in the 1917 N. F. P. A. Proceedings. See also article 
in the October, 1919, Quarterly regarding record of use of stand- 
pipes in New York City fires during 1914-1918. 

58. There are two distinct divisions ‘of this service, namely, 
small hose (1%4-in. advisable size; 1%4-in. and 2-in. also manu- 
factured) and the larger 2%4-in. size as commonly used for 
outside hydrant streams. The former is altogether the more 
desirable for general use inside of buildings and the latter should 
seldom be employed; the chief exception being where profes- 
sional fire department would promptly respond and attach its 
own hose to outlets provided for such purpose, or use the 2%-in. 
hose provided permanently within the building. Such an arrange- 
ment is particularly feasible in city buildings having fire-resistive 
stair shafts where the 2%-in. outlets can be provided on stand- 
pipes run up through these shafts, 

59. Where it is necessary to have 2%4-in. connections on stand- 
pipes, it is good practice to have 24-inch *X 1%in. reducers 
(with lugs to make for easy removal), attached to the fire de- 
partment outlets and 1%-in. hose connected for use by employees. 
The alternative is to have a 2%” outlet for the fire department 
hose, and a 114” one with hose for use by the persons in the 
building. 7 

60. Constant water pressure should be maintained on these 
hose systems, “from adequate public water supply, pressure tank, 
or gravity tank. Fire pump, whether or not automatic, is not 
a fully satisfactory primary supply. If hose is to be used in the 
very first stages of a fire, it is important that the person going to 
the hose, taking it down, and opening valve, at once obtain a serv- 
iceable stream. Pressure tanks are recommended for the use 
of “small hose” service where an adequate public water supply 
is not available. The automatic sprinkler water supply rules 
should be followed for any such special tank installations. 

61. In building where there is no provision for heating water 
in the piping during cold weather, the standpipe system can ad- 
vantageously be put on a dry valve of the same type as used for 
automatic sprinkler service, or a special form of valve can be 
used, as set forth on page 604. 
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62. See preceding section for small hose attached to sprinkler 
pipes. 

63. Water Supply—If standpipe system is to be used by 
city fire department, it is almost always necessary to install one or 
more fire department connections to which city steamers or high 
pressure lines can be attached. 

64. Occasionally city water supplies are so good that streams 
from several stories can be concentrated upon a fire. 

65. Water supply preferably should be sufficient to maintain 
not less than 30 pounds pressure at the topmost connection with 
two or three streams in action. 

66. If meters are installed in city connections, the question of 
friction should be investigated. Fire service meters are generally 
advisable, or hose valves may be sealed by the water depart- 
ment and meters omitted altogether. 

67. Standpipes—Size and Location—For 1%-in. hose, the 
diameter of a standpipe for a building of ordinary height is gen- 
erally from 2-in. to 3-in. If a combination standpipe is pro- 
vided, to which the fire department can attach its hose, the diam- 
eter should seldom be less than 6-in., and 8-in. may be proper for 
very high and important buildings. 

68. If building has fire-resistive stair towers, especially if not 
connected directly to the various floors, these form the best loca- 
tions for standpipes. Ordinarily standpipes are placed in halls 
and so located that it is possible to reach all points with a 50-ft. 
length of hose. 100-ft. lines are the maximum allowable. 

69. Hose—This should be labeled unlined linen, preferably 
1%-in. in ‘size. If intended for fire department use, the 2%-in. 
size is customary, with threads to fit the public department. Hose 
should be in 50-ft. lengths, even if lines are 100 ft. long, and 
should be kept on flat fold or pin-racks. Semi-automatic racks, 
designed to be operated quickly by one persons, are approved. 
Reels are not recommended because of the difficulty of inspecting 
hose and of poor ventilation. 

70. Straightway gate valves with drips or globe valves of the 
soft removable disk type are advisable for standpipe service. 
Fig. 69 shows various methods of protecting hose against leaking 
valves. Case E shows such a drip for an angle globe valve, al- 
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though the general opinion is that such valves give virtually no 
trouble from leakage. Unlined linen hose if kept dry will last 
almost indefinitely. It should never be used except in case of 
fire. The practice of testing it periodically is decidedly bad. 

71. The advantages of unlined linen over cotton rubber-lined 
hose are that it is not affected by heat; it occupies a smaller 
space; it is lighter; it does not require testing, and it costs mate- 
rially less money. 

72. Brass or iron nozzles are used with orifices to fit the diam- 
eter of hose and the available pressure. For 114-in. hose, %-in. 
to 54-in. nozzles are ordinarily used, and for 2'4-in. hose I-in. to 
1%-in. nozzles are usually provided. Smooth tapered rather than 
ring nozzles are recommended. Painting brass nozzles gives some 
protection against theft. 


NON-FREEZING STANDPIPE SYSTEMS. 


73. In unheated buildings such as warehouses, car barns, steam- 
ship piers, and grain elevators, the problem of providing standpipe 
service has always been complicated by the fact that no pipe and 
valve covering can be relied upon to protect water in piping against 
freezing in event of protracted cold spells. The possibilities of 
procedure if there is to be effective standpipe protection are: 


a—System shut off at point below frost line, controlled by gate 
valve or valves, and piping normally drained. This is 
feasible in a I-story building, such as a car barn, where 
each hose connection is controlled by a separate valve. 
See Fig. 69. In a multi-story building, the use of a’ 
very long valve operating rod has been tried, but is 
of doubtful value. 

b—A regular automatic sprinkler dry pipe valve used for stand- 
pipe system, and system kept full of air under pressure, 
is satisfactory and has had considerable field experience. 

c—The use of a dry system and a special quick-opening valve 
operated by electricity or air. One system, the Cornell- 
Derby of the W. G. Cornell Co., uses an electric release 
at the valve, and operates this release manually from each 
hose station. Another system, that of the ‘“ Automatic” 
Sprinkler Corporation of America, uses a “rate of rise” 


— 
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device to trip the valve. A fire within the area pro- 
tected automatically turns on the water, which can be 
used from any hose connection. 


SODA-ACID HAND EXTINGUISHERS. 


74. The soda-acid hand extinguisher is strong where the pail 
is weak, and the two supplement each other effectively. 

75. The 2%-gallon net capacity (3 gallons gross capacity) 
upset-to-operate soda-acid extinguisher is thoroughly standard- 
ized and well over 1,000,000 are in use in this country. It fur- 
nishes in incipient fires a small jet of water under high pressure, 
reaching a point from 30 to 40 ft. from the operator, and lasting, 
if continued in use, for about one minute. The jet carries some 
carbonic acid gas and sulphate of soda and usually some bicar- 
bonate of soda, and to some extent deposits soda salts on the 
burning mass, forming a partial coating which tends to exclude 
the air and to retard combustion. These extinguishers are par- 
ticularly useful for fires in concealed construction and boxed 
machines, in which case the extinguishing powers of the gas 
become available. 

76. At ordinary temperatures, an extinguisher generates about 
too Ibs. pressure on being upset. Higher pressures are produced 
if the water is very warm. 

77. For use in homes, schools, and at other points where 
women and children are expected to operate extinguishers, the 
14-gallon net capacity size is recommended. 

78. Extinguishers should be hung from hooks with tops about 
5 ft. from the floor. They are readily upset and partly or entirely 
discharged if resting on floors or shelves. 

79. Annual discharging, cleaning, and recharging is recom- 
mended, partly to insure the operation of the extinguishers, and 
partly to give employees and others an opportunity to operate 
them or see them used. A recent development has been a design 
of extinguisher cover which largely eliminates the difficulties 
often encountered in removing caps. 

80. Extinguishers must be protected against freezing. In cold 
weather they must be placed where there is heat or heated cabi- 
nets must be provided. Hair-felt lined boxes are not effective 
for protracted cold spells, 
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81. Break bottle and compressed air type extinguishers are 
not recommended. 

82. Approved, tested, and labeled extinguishers only should be 
purchased. Poorly designed and constructed extinguishers have 
repeatedly burst and cause loss of life or serious injury. Any 
extinguisher shell which shows any appreciable corrosion inside 
or out should be returned to the manufacturer, and, if in his 
judgment unsafe, should be discarded. Any extinguisher shell 
burst or seriously stretched by freezing should be scrapped. 


NON-FREEZING EXTINGUISHERS. 


83. Throughout some properties, and in portions of almost all 
properties, there are situations where it is desired to use a chem- 
ical extinguisher and where freezing temperatures prevail during 
a portion of the year. It is not possible with the ordinary soda- 
acid extinguisher to use any chemicals in the tank which will 
depress the freezing point sufficiently for cold climates, and be- 
sides chemical reaction is always slow in the soda-acid extin- 
guisher in which the ingredients are cold. The following records 
the past and present practice: 


a—Compressed air extinguishers have always proved unsatis- 
factory, because of the difficulty of maintaining the pres- 
sure over long periods of time. 

b—Extinguisher carrying a capsule of liquid of carbon dioxide 
gas, with diaphragm punctured when it was desired to 
operate extinguisher, has given fairly good field service. 
The tank is filled with a calcium-chloride solution. 

c—An approved anti-freeze type of extinguisher operates by 
inversion, whereupon through a percussion cap, fire is 
set to a slow-burning fuse. The resultant gases give 
adequate pressure to drive out the calcium-chloride solu- 
tion with which the tank is filled. 

d—A more recent development has been the provision of a gas 
generator tube containing two non-freezing chemicals, 
which upon inversion provides gas to drive out calcium- 
chloride solution. It is said that this generator tube can 
be placed in virtually any soda-acid extinguisher. 
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SODA-ACID ENGINES ON WHEELS. 


84. Soda-acid engines on wheels are of much value at certain 
properties where standpipe and hose service is not available, as 
in freight and express sheds, piers, public buildings, and country 
estates. They are particularly useful where there are large areas 
and comparatively smooth floors. Where elevator service and 
width of doors permit, they can be transferred to different floors. 

85. The 33-gallon net capacity size is the one ordinarily used, 
and approval on such engines has been obtained from the Under- 
writers’ Laboratories. The commonest form is the two-wheeled 
warehouse type, which ordinarily rests upon the bottom, the 
wheels just clearing the ground, and which must be tipped about 
30° from the vertical before the wheels strike the floor and 
enable the engine to be run to the fire. When the fire is reached, 
the engine is inverted, and the acid automatically thrown into the 
soda solution. For yard use, the horizontal tank, truck form, 
wide gage type of engine is best. In principle, such an engine is 
similar to the small upset type hand extinguisher. These engines 
do not differ in operation or effectiveness from the chemical 
tanks used by public fire departments, and, as is well known, the 
city departments succeed in extinguishing a large majority of 
all fires with chemical apparatus. 

86. There are poor, unsafe machines upon the market. Com- 
petent fire protection advisors should be consulted before pur- 
chasing any equipment which does not bear the Laboratories’ 
label. 


SODA-ACID STANDPIPE SYSTEMS. 


87. Soda-acid standpipe systems, fed by stationary tanks, occa- 
sionally of several hundred gallons’ capacity, are employed where 
the lack of water supply bars the ordinary standpipe installation. 
They have also beeen used to supply a moderate number of auto- 
matic sprinklers, especially in locations where the liquid and the 
gas discharged from such a tank may be expected to be more 
efficient than plain water. 

88. Many of the older installations have proven unreliable 
owing to mechanical defects, corrosions, freezing, and failure to 
be properly operated. 
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89. Some years ago a standpipe was approved which operates 
by the release of a moderate air pressure (with which the tank 
and piping are filled), when a valve or sprinkler head is opened. 
The differential pressure, between the tank and the piping, acting 
through a piston upsets the acid into the soda solution. 


Fic. 70, Retc CHEMICAL ENGINE 


90. The operation of the Relc chemical engine shown in Fig. 
70 is as follows: 


The stationary tank is approximately five sixths full of the customary 
soda solution. The acid bottle (L) is mounted on trunnions and is kept 
in a vertical position by the rod attached to the piston (F). The tank 
and the standpipe system are filled with air under moderate pressure, the 
pressure on both sides of the piston being equalized through a small hole 
in the gold plate shown at (G). Gold is used to prevent corrosion. The 
opening of a sprinkler head, as at (A). or, the turning on of a hose valve, 
as at (B), unbalances the pressure, causés the piston (I) to move hori- 
zontally, upsets the acid bottle, and the liquid is then discharged through 
the strainer (I) and outlet pipe (HH). The pressure in the system neces- 
sary to operate it is stated to be less than one sixth of a pound. 


—- : = 
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FOAM PAILS. 


91. The approved form of foam pail consists of a heavy gal- 
vanized iron bucket, in the center of which is a receptacle for 
holding the acid solution. The basic solution is between the acid 
receptacle and the shell of the bucket. Bucket normally is cov- 
ered. Upon operating, lid is removed, and contents are cast upon 
the fire. The two solutions mix partly in the air and partly as 
they strike, and a 3-gallon pail makes about 20 gallons of foam. 


AUTOMATIC FOAM CAN. 


92. An approved can of 3%-gallon liquid capacity is suspended 
not to exceed 5 ft. above the surface of a tank containing inflam- 
mable liquid. Each can will protect an area not exceeding 16 
sq. ft. The can contains a “rate of rise” release, a quick-operat- 
ing valve, and produces between 25 and 30 gallons of. Foam. 


FOAM HAND EXTINGUISHERS. 


93. Approved Foam extinguishers, operate similarly to soda-acid 
extinguishers, and have a similar appearance. Liquid capacity is 
2% gallons. Chemicals used are bi-carbonate of soda and foam- 
producing agents dissolved in water in an outer compartment, and 
aluminum sulphate dissolved in water in the inner cylinder. 

94. Foam extinguishers will do practically everything which a 
soda-acid extinguisher will do, and in addition have great value 
for fires in inflammable liquids. In fact, they constitute the most 
effective method of controlling such fires. 

Up to the present there has not been developed any non-freezing 
type of Foam extinguisher. 


FOAM ENGINES ON WHEELS. 


95. Foam engines on wheels operate on the same principle as 
Foam hand fire extinguishers, and what is said regarding soda- 
acid engines on wheels applies largely to Foam engines as well. 

96. Approved engines are of 33-gallon liquid capacity, and 
capable of delivering approximately 320 gallons of foam, and 
consequently they can be relied upon to handle an oil fire of 
reasonable area. These engines must also be protected against 
freezing. . 
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FOAM STANDPIPE SYSTEMS. 


97. One interesting use of the Foam engine has been to place a 
33- -gallon tank on trunnions and support it with an electric release 
device. Through a hose and pipe connection the engine is attached 
to a Jumbo (114” orifice and strut removed) sprinkler head over a 
dip tank. This head is placed not over 8 feet above the dip tank 
and a deep curtain board is placed at the ceiling, with enclosed 
area larger than that of dip tank. Over this dip tank also 1s 
placed a thermostat, which, in event of fire, operates the electric 
release, permits the engine to invert, and discharges foam through 
the Jumbo sprinkler. ; 

eeeeee98eWhile it is possible to install a stationary Foam system to 
supply standpipes in buildings, the use of the stationary foam ap- 
paratus is primarily in connection with protection of oil refineries 
and similar properties. See page 425. 


CARBON TETRACHLORIDE EXTINGUISHERS. 


99. Within the last decade the use of the carbon tetrachloride 
extinguisher has become widespread. One quart and one and a 
half quart extinguishers are approved. Larger extinguishers have 
been manufactured and even automatic sprinkler systems using 
carbon tetrachloride have been installed in certain locations, as, for 
example, to protect against fire in inflammable liquids and to ex- 
tinguish fires in large oil-insulated transformer cases. 


100. In spite of the fact that carbon tetrachloride extinguishers 
are limited by Underwriters’ Laboratories to fires of the blanket- 
ing and non-conducting type, such extinguishers have been sold 
widely for general protection. Since they work upon the exclu- 
sion-of-air principle, rather than by the wetting down and cooling 
principle, they are not most effective for ordinary types of fire, 
although of course many such have been extinguished by them. 

Carbon tetrachloride extinguishers are unquestionably best for 
motor, street and railway cars, and for electric fires. They are 
valuable on fires in volatile liquids, providing the i area is 
decidedly limited. 


101. Tests by the Bureau of Mines and the Underwriters’ Lab- 
oratories have shown that, upon contact with high temperatures, 
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carbon tetrachloride will break up, producing in part highly pois- 
onous gases. See N. F. P. A. Quarterly of January, 1921. The 
practical aspects of the problem, however, are that this is not a 
serious matter, and should not mitigate against the use of these 
extinguishers in those locations where fires for which they are 
suitable are likely to be encountered. 

102. Only extinguishers bearing label of Underwriters’ Labora- 
tories should be purchased. They should be partly discharged 
and recharged annually. Under no consideration should water be 
used to test an extinguisher which has had carbon tetrachloride 
in it, as the chemical reaction between water and carbon tetra- 
chloride produces hydrochloric acid with destructive results from 
a corrosion standpoint. 


PAILS FILLED WITH SAND. 


103. For inflammable liquids, grease, and electric fires, sand has 
considerable value, providing the area of the fire is not too large, 
and providing sand does not sink to the bottom where liquid is 
of some depth. Fine dry sand is best. Where gritty action of 
sand is feared, barytes and soapstone have been used successfully. 
Soda should not be used because it cakes too readily. 

104. To assist in distributing sand, large metal scoops can be 
used except for high voltages, under which conditions scoops 
should be entirely of fibre or wood or should at least have a 
wooden back and handle. 


SAND BINS. 

105. Because of the difficulty of shoveling sand out of a cask, 
it is generally advisable to use bins for storage of large supplies, 
marked as are casks, and provided with large metal shovels to 
distribute sand. Wooden or fibre shovels are used where voltages 
are high. See Fig. 71 for an effective method of storing larger 


quantities of sand. 
106. Earth, ashes, and other similar substances may of course 


pe used in lieu of sand. 


SAWDUST AND SODA. 
107. Tests by the engineers of the Factory Mutual Laboratories 
have borne out the fact that a mixture of sawdust (no particular 


ae 
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kind is best) and bicarbonate of soda, at the rate of 10 pounds 
of soda to the bushel, has remarkable extinguishing powers on 
fires in inflammable liquids even in open tanks of considerable 
size and containing comparatively large quantities. This mixture 
floats on the surface and cuts off the oxygen supply. Sand natu- 
rally sinks through to the bottom and is useless. Such protec- 
tion is recommended for lacquers, varnishes, and similar liquids. 


_The mixture should be kept on hand in ample quantities in bins 


and distributed with long-handled shovels of large area. 
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Fic. 71. Sanp Box on Post 


Same principle applicable to other locations 


STEAM JETS. 


108. Steam jets have been commonly provided for dry kilns, 
shaving vaults, and similar special hazards where water from 
hose streams or sprinklers could not readily reach the fire, and 
occasionally for oil storage and dip tank rooms and other points 
where water might not be effective. The use of steam as protec- 
tion against internal and exposure fires for oil storage tanks is 
old. Most systems are likely to fail because of insufficient steam 
supply and lack of tightness of building or tanks into which steam 


an 
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is discharged. No systems should be installed without careful 
investigation and calculation. An outlet pressure of not less than 
15 pounds is deemed essential. 

109. Safely located control valves are an important factor. 

110. Automatic sprinkler heads on trapped piping filled with 
water, with steam exerting pressure on this and discharged from 
system as soon as water is forced out, are occasionally used so 
as to give automatic control. . 


CARBON DIOXIDE EXTINGUISHERS. 


111. For decades the idea of using carbon dioxide gas as an 
extinguishing agent has come up for periodic consideration. While 
devices have been manufactured to meet different situations, carbon 
dioxide gas has had relatively little actual use in the field. 
Some experiments, fairly successful, have been made in connec- 
tion with telephone switchboard fire extinguishing. Also drums 
of liquid carbon dioxide gas have been connected to a header, 
from which in turn pipes led into tops of oil-insulated transform- 
ers, so as to enable the space above the oil to be filled with inert 
gas in event of fire outbreak. The difficulty of such a scheme is 
the freezing of the outlet valve, owing to the great cooling of the 
expanding gas. 

112. During 1922, the Hartford Electric Light Co. completed 
an automatic carbon dioxide gas system for handling fires in large 
electric generators. Tests have indicated that the addition of 
10% of inert gas to air will prevent it from supporting combus- 
tion. 

113. A more common method of handling fires in electric gen- 
erators is to provide at each end of the rotating field a system of 
perforated pipes through which water or steam can be admitted 
after fire outbreak. In a number of instances, large turbines have 
been saved from serious damage through the use of large quanti- 
ties of water through hose streams. 


BLANKETS. 


- 114. Asbestos mats or blankets are reported to have proved 
valuable in fire tests by smothering burning volatiles in pans of 
moderate size. 


456 Handbook of Fire Protection 


Fic. 72. Grouprnc or Fire APPARATUS 


(Courtesy of Eastman Kodak Co.) 


At this column are the following: Soda-acid extinguisher, carbon. tetra- 
chloride extinguisher, 3 water pails, one sand pail with scoop, axe, water- 


proof cover, fireproof blanket, watchman’s call box, fire alarm .box,. and 
drinking fountain. 
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115. Pure wool blankets are the best agents for smothering fire 
in clothing, and one or more blankets are advisable in chemical 
laboratories and at other points where the danger of the ignition 
of clothing is considerable. z 

116. Blankets should be so folded as to admit of ready open- 
ing. They should preferably be kept in dust tight glass aro 
cabinets at prominent points. 


DRY POWDER TUBES. i 
117. The National Fire Protection Association circular on this 
subject reads as follows: 


“In view of toe fact that several so-called fire extinguishers, consisting 
generally of sheet metal tubes filled with mixtures of bicarbonate of soda 
and other materials 1n powdered form, have been widely adyertised as 
suitable for use for fire extinguishing purposes, this committee has to re- 
port that in its opinion all forms of dry powder fire extinguishers are in- 
ferior for general use, that attempts to extinguish fires with them may 
cause delay in the use of water and other approved extinguishing agents, 
and therefore their introduction should not be encouraged.” 


118. The disaster in 1903 at the Iroquois Theater has beer 
attributed to the use of a dry powder tube on the burning scenery 
in the initial stages of the fire when a small hose stream or a 
soda-acid extinguisher could almost certainly have extinguished 
the blaze. Dry powder tubes have no legitimate place in fire 
protection. 


HAND GRENADES. 

119. Glass bottles filled with chemical solutions and designed to 
be hurled at the seat of the fire are practically obsolete. They 
never were an effective fire-fighting agency, and they belong in 
the scrap heap or in the museum. 


PROMINENCE OF APPARATUS. 

120. In installing permanently placed as well as portable ap- 
paratus it is most important that it be located so as, to be promi- 
nent and readily accessible. Fire apparatus is in addition gen- 
erally painted red: It is astonishing to find how the rank and file 
of employees frequently do not know the whereabouts of equip- 
ment. If in halls, at doors through dividing walls, and in main 
aisles it must be seen. 

121. Fig. 72 shows the practice of the Eastman Kodak Com- 
pany at Rochester, N. Y., of not only grouping apparatus at one 
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point but of putting a drinking fountain and watchman’s box 
close by so that by day and by night people are forced to come 
to this station. 


PROTECTION AGAINST WATER DAMAGE. 


122. The damage by water, even with the most effective hand- 
ling of a fire, frequently exceeds that done by fire. Important 
industrial plants have salvage corps attached to their private fire- 
fighting organizations, and use tarpaulins to cover up threatened 
stock. 

123. Tarpaulins can advantageously be made of No. 250 
Brown drill, given two coats of a preparation composed of four 
gallons of Calcutta raw linseed oil mixed with one half pint of 
lithia; this takes one hundred and twenty days to dry thoroughly. 
A better preparation, giving longer life to the covers, and better 
waterproofing is obtained by using a mixture, as follows: four 
gallons of Calcutta raw linseed oil, one half pint of dryer, one 
half pint of lithia, one half pint of turpentine, and one half pint 
of bees wax melted and then stirred into the mixture. Each 
cover to receive two coats, which will dry and be ready for use 
in sixty days. Advisable practice includes: 


a—Using tarpaulins about 12 X 18 feet. 

b—Providing them with liberal number of grommets for hang- 

ing and handling purposes. 

e—Folding tarpaulins so they can be opened up in quickest 

possible time. 

d—Drilling salvage corps or all members of the private brigade 

in handling tarpaulins. See page 416. 

124. Sawdust is commonly provided to soak up water, and 
it is generally carried in metal or fibre barrels on wheeled trucks 
or located in convenient bins. Where storage is not provided on 
each floor, provision must be made to transfer it from floor to 
floor by means of elevators. 

125. Sweeping water toward elevators or stairs is usual 
practice. 

126. Skids for stock, at least 4” high, give considerable 
protection to goods against water damage. Skids are especially 
needed in basements or where facilities are not good for rapid 
drainage of water. Scuppers reduce water damage. 


CHAPTER 29 
AUTOMATIC SPRINKLER PROTECTION 


1. Sprinkler protection in its general phases is treated in this 
chapter, and various special phases of the problem in the follow- 
ing ones: 


Chapter 30, Rules and Requirements for Automatic Sprinkler 
Systems. 

Chapter 31, Alarm Valves for Automatic Sprinkler Systems. 

Chapter 32, Dry Valves for Automatic Sprinkler Systems. 

Chapter 33, Sypho-Chemical Sprinkler System. 

Chapter 34, Open Sprinkler Systems. 


2. The subjects treated in this chapter include the following: 


a—Development of Sprinkler Protection. 
b—Elements of Sprinkler Protection. 
c—Fire Record. 

d—Maintenance and Inspection. 
e—Efficiency of Automatic Sprinklers. 
f—Special or Modified Systems. 
g—Partial Systems. 

h—Basement Systems. 

i—Supervision and Care of Valves. 
j—Sprinkler Leakage. 

k—Corrosion of Automatic Sprinklers. 
1—High Degree or Hard Sprinklers. 
m—Field Tests and Inspections. 
n—Combined Heating and Sprinkler Systems. 
o—Grinnell Silica Bulb Sprinkler. 
p—Photographs of Sprinklers. 


DEVELOPMENT OF SPRINKLER PROTECTION 


3. The automatic sprinkler is by far the most important of all 
fire protection devices. A thorough understanding of this class 
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of protection is therefore essential to the fire protection engineer 
and its history is also of more than ordinary interest. With the 
increase of values and hazards in our manufacturing plants came 
the need of better protection against fire, but while this was 
thoroughly recognized, comparatively little headway was made in 
reducing the fire loss on the individual plants until the advent of 
the automatic sprinkler. The difficulty of throwing water on the 
seat of the fire was often demonstrated and such simple fire pro- 
tection as water pails, standpipes and hose, or even outside hose 
service, proved inadequate, unless the fire was discovered in its 
early stages. 

4. The forerunners of the automatic sprinkler were the per- 
forated pipe and the open sprinkler, which were installed in a 
number of mill properties from 1850 to 1880. The perforated 
pipe system, as its name implies, was simply a series of pipes 
with small perforations, attached to the ceiling and divided into 
sections, one or two to the floor, each féd by a main pipe or riser 
and controlled by a gate valve, generally located outside the room 
or building. It is evident that with this system there was a great 
waste of water, as well as poor distribution, and, furthermore, 
the systems were not in any sense automatic. 

5. Next came the open sprinklers, which were attached. to 
piping similarly located and consisted of metal bulbs with nu- 
merous perforations, intended to distribute the water over a 
given area. These systems were divided into sections and were 
controlled by outside valves, the same as the perforated pipe 
system. 

6. The idea of automatic sprinkler protection, that is, a system 
where the heat from the fire releases the sprinkler head and al- 
lows the water to flow, dates back to 1860, if not before, but its 
practical application, so far as this country is concerned, dates 
from about 1878, at which time the Parmelee sprinkler was first 
installed. This sprinkler, while very crude when compared to 
modern devices, gave generally good results and proved conclu- 
sively that automatic sprinkler protection was both practical and 
valuable. However, the rapid commercial development of the 
automatic sprinkler began with Frederick Grinnell, who, first 
with the Providence Steam and Gas Pipe Company, and later as 
the founder and head of the General Fire Extinguisher Company, 
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was more closely identified than any other man with the growth 
and improvements in automatic sprinkler protection. The first 
sprinklers bearing his name were used in 1882 and the Grinnell - 
Glass Disc Sprinkler has, with relatively slight changes been in 
use since 1891 to the present time. 

7. The Grinnell Co. Inc., are now putting on the market an 
entirely new type of sprinkler using a Silica Bulb in place of the 
soldered strut. This is illustrated.and described on page 501. 

8. At this writing there are twenty-three types of approved 
sprinklers, all of which have undergone the most rigid tests before 
being accepted by the fire underwriters of the United States. 

9. Pages 502-06 show in cross section most of the approved 
automatic sprinkler heads. Photograph of these heads will also 
be found in the collection at the end of the chapter. 


ELEMENTS OF SPRINKLER PROTECTION 


10. The automatic sprinkler, as its name implies, is a device for 
automatically distributing water upon a fire in sufficient quanti- 
ties either to extinguish it entirely or hold it in check in case the 
fire is located where it is impossible for the water spray to reach 
it. The water is fed to the sprinkler through a system of iron 
piping, ordinarily attached to the ceiling, the sprinklers being 
placed at intervals along the pipe. The sprinkler itself consists 
of an orifice or opening approximately one-half inch in diameter, 
which is normally closed by a disc or cap, held in place by a strut 
or levers of metal, held together with a fusible solder, which 
melts at approximately 160° F. in the ordinary or “low test” 
sprinkler. Attached to the frame of the sprinkler is a “ deflector ” 
or “distributor,” against which the water is thrown with force 
and converted into a heavy water spray designed to cover or 
protect a certain area. (See pages 502-06.) 

11. When the solder melts, due to the heating of the air 
around it, the strut or levers are released and the water is dis- 
charged through the opening against the deflector. It is evident 
that the amount of water discharged depends on the water pres- 
sure, as the opening is always the same, and five pounds of work- 
ing or flowing pressure is generally considered a minimum for 
the proper action of the sprinkler. At this pressure the sprinkler 
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will discharge about 12 gallons of water per minute, covering a 
floor area of more than 100 square feet, which is the maximum 
area allotted to each sprinkler under the best type of construc- 
tion. See page 717, for gallons of water discharged from auto- 
matic sprinklers at various pressures. The deflector of the sprink- 
ler is designed to throw water in all directions, including upwards 
against the ceiling, but it is evident that the water could not 
cover the entire area of the ceiling without an excessive waste at 
the sides, the purpose being to keep as much water as possible 
within the space allotted to each sprinkler head. 

12. The arrangement or spacing of the sprinklers is according 
to well-defined rules based on a long and extensive experience. The 
average area covered by a sprinkler is about 80 square feet, or 
say 10 feet by 8 feet, depending on the construction of the build- 
ing. The rules also cover the sizes of pipe to be used, method of 
hanging the pipe, and all other details connected with the install- 
ment of a complete system. 

13. It is evident that a sprinkler system depends for its effec- 
tiveness on water in sufficient volume and proper pressure. Many 
a system has failed to do what was expected of it because of the 
lack of water. 


WATER SUPPLY. 


14. The different kinds of water supply are treated in some 
detail in the Chapter 26 on Water Supply for Private Protection. 

15. Generally speaking, a static pressure of 25 pounds at level 
of top line of sprinklers or a flowing pressure of 15 pounds 
should be considered the minimum for best service. The mini- 
mum volume usually varies with the class or kind of water supply, 
it being assumed that with a heavy pressure supply less water is 
required. This latter is doubtless true to a certain extent, but 
under normal conditions it is doubtful if there is much advantage 
in having the working pressure exceed 25 pounds. Very little 
water is actually required in most sprinkler fires, probably a few 
hundred gallons only in the majority of cases. Only a small per 
cent. of fires would require as much as 10,000 gallons of water, 
but larger volumes are usually required by the insurance inter- 
ests, particularly if the property or value is large. 


ya) 
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16. Most rating boards and underwriters require abnormally 
large water supplies, as they desire to be on the safe side, and it 
is, of course, true that under unusual conditions these large or 
excessive water supplies are at times needed. With a standard 
sprinkler system and the “ordinary” plant, the amount of water 
required by rating organizations would probably be between 
10,000 and 25,000 gallons, increasing to 50,000 or even 100,000 gal- 
lons in the large or “unusual” plant. Such a large volume of 
water provides a very large “factor of safety,” for it is probable 
that 75 or 80 per cent. of the fires in sprinklered plants have been 
extinguished or held in check with less than a thousand gallons 
of water. 


17. For standard protection it is generally considered neces- 
sary to have two satisfactory independent water supplies. At 
least one supply must be automatic, that is, able to supply a given 
volume of water under satisfactory pressure when the sprinkler 
opens, without manual aid. The second supply need not be auto- 
matic as it is assumed that the primary supply will at least hold 
the fire in check until human aid is available. If the primary 
supply is satisfactory both as regards volume and pressure, and 
practically free from interruption of service, the second supply 
becomes relatively unimportant. A second supply is of impor- 
tance when the first supply is subject to interruption of service, 
and also to back up a primary supply which is weak or doubtful 
either as regards volume or pressure. 


18. Waterworks systems or large reservoirs may provide an 
excellent primary supply with little need of a second supply. A 
weak waterworks system should have a pump or gravity tank as 
its second supply. A pressure tank, having a smaller or limited 
volume, should ordinarily have a second supply such as a pump 
or gravity tank. Fig. 73 shows various methods of supplying au- 
tomatic and also open sprinklers through waterworks connections, 
gravity tanks, and fire department connections. 

19. Automatic pumps of the centrifugal type, electrically driven; 
have been developed to a high state of efficiency and reliability. 
A recent development is the so-called “ Booster Pump” with Su- 
pervisory Service. This system, with the pump taking water from 
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low pressure city mains, is considered satisfactory and reliable 
even when used without any other water supply. See page 371. 


FUNDAMENTAL PRINCIPLES. 


20. A few of the cardinal principles of sprinkler protection 
may be here enumerated : 


a—The distribution of water must be practically unobstructed, 
so that the seat of the fire may be reached by the water 
spray. It is, of course, evident that in many cases there 
will be some obstruction, but in practically all instances 
it is entirely feasible to eliminate all important features 
of this nature. For instance, sprinklers should be placed 
inside all enclosures, also under decks, platforms, etc. 

b—Stock should never be piled around the sprinklers and thus 
obstruct the distribution of the water. 

c—The sprinklers should be kept clean and never covered with 
paint or similar material, for this may affect their sensi- 
tiveness, or even render them entirely inoperative. 

d—Floor openings should be protected to prevent draught, for 
while such openings may not cause a failure of the sprink- 
ler system, the heat is liable to spread and thus open up 
a larger number of sprinklers than is necessary and pos- 
sibly overtax the water supply, to say nothing of the 
increased damage from smoke and water. 

e—Concealed spaces in floors or walls are also a menace, for 
fire may originate or spread in these spaces where water 
from sprinklers cannot penetrate. 

f{—The sprinkler system becomes of no value if for any reason 
the water supplies are not in service, as for instance in 
the case of a closed valve. The system must be at all 
times maintained in good working order, with all valves 
open, 


FIRE RECORD 


21. The remarkable results obtained by automatic sprinklers 
in the extinguishment of fires are difficult to appreciate unless 
carefully studied. Even with the older types of sprinklers which 
are no longer approved, the failure of the sprinkler head itself 
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was very infrequent, and the failure of the modern types under 
normal conditions is practically unknown. 


22. The best proof of the wonderful results is that the reduc- 
tion in insurance cost when sprinklers are installed probably 
averages at least 75 per cent. and frequently is as high as 85 or 
90 per cent. 


23. This large reduction in insurance premiums has in many 
cases been the prevailing reason, for installing automatic sprin- 
klers. Oftentimes the annual saving is sufficient to pay for the 
sprinkler system in two to four years; it seldom takes over seven 
or eight years. Leaving out of consideration the question of 
safety, which should be the most important feature, the property 
owner finds this form of protection an excellent investment. 


24. Assume a mercantile property with an insurable value of 
$300,000 building and contents, and an average rate of I per cent. 
If there is a good city water supply, a sprinkler system should not 
cost over $7,500 and the annual saving should be at least $2,000. 


25. If the property owner does not care to use his own money 
for this purpose, there are several finance companies which will 
install the equipment, and the payments are spread over several 
years to conform to the savings in insurance. In other words, he 
buys his sprinkler system with the savings in insurance premiums 
and does not have to invest any ot his own capital. 


26. The figures available on the fire loss in manufacturing and 
mercantile properties of the better class show a loss of about 3 
cents on a hundred dollars of property value. It is a fair esti- 
mate that the fire loss on these same properties without sprinklers 
would have been from Io to 20 times as great. 


27. Automatic sprinkler systems do not always control fires. 
The failures, however, are not due to the sprinkler heads them- 
selves, but to the lack of proper water supplies or to other reasons 
which do not in any way detract from the value of the protection 
with proper installation and maintenance. The twenty-seven year 
record of the National Fire Protection Association includes 28,817 
fires in sprinklered plants, where heat was sufficient to operate the 
sprinklers. Of these fires, 19,007 were practically or entirely 
extinguished by the sprinklers, this being 66.0 per cent. of the 
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total number. In 8,583 fires, or 29.7 per cent. of the cases, the 
sprinklers held the fire in check so that it was extinguished with 
the aid of other apparatus, such as hose streams. In 1,227 fires, 
or 4.3 per cent. of the total number, the fire was not properly 
controlled by the sprinklers. 

28. A study of these unsuccessful sprinkler fires is of great 
importance, in that it shows how to guard against such occurrences. 
The following table briefly summarizes the probable causes to 
which the unsatisfactory work of the sprinklers may be attributed : 


Number Per Cent. 


Failure due to water being shut off............ 360 29 
Defective or partial equipment................ 249 20 
Faulty building construction and obstructioh.... 132 II 
Inadequate or light water supply............... III 9 
Hex posite OF COntaghatiOn 7 . 1.45.0. < Seeee Maes 71 6 
Hazard too severe for control as installed...... 70 6 
System or supplies crippled by explosion........ 55 4 
System crippled’ by freezing’... 22) .22 2225.8... 41 3 
Defective dry valve or dry system........:..... Kx} 3 
Unsatisfactory action of high test heads........ aa 2 
Unaccounted for and miscellaneous............. 83 7 

1,227 100 


29. Without going into these matters in detail, it will be noted 
that in most cases there is a satisfactory and reasonable explana- 
tion which in no way detracts from the efficiency of the auto- 
matic sprinkler system when properly installed and maintained. 

30. The same fire record also shows that the number of fires 
extinguished by a small number of sprinklers is as follows: 


No. of Sprinklers Per Cent. 
Operating No. of Fires of Total 
I 9,281 33 
2 or less 14,065 50 
5 or less 20,144 72 
10 or less 23,513 84 


25 or less 26,134 93 


31. This is a remarkable showing. Furthermore, when <it is 
considered that in most cases where over ten or fifteen sprin- 
klers operate it is due to defective equipment or water supply, 
the inevitable conclusion is that the probabilities of opening more 
than a few sprinklers under average conditions with a standard 
equipment is very slight. See Sprinkler Fire Record Tables be- 
ginning on page 743. 

32. The fire record clearly emphasizes the soundness of the 
following essential principles of sprinkler protection: 
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a—Freedom from concealed places to which water from sprin- 
klers cannot penetrate. 

b—Location of sprinklers to cover all portions of premises. 

c—Adequate piping system conforming to standard. 

d—Automatic water supply sufficient in quantity and pressure 
and available at all times, preferably backed up by other 
supplies. 

e—Systematic, thorough, and intelligent inspection and care of 
system. 


ADDITIONS, EXTENSIONS, OR NEW BUILDINGS. 


33. A very common cause for the so-called failure of sprinklers, 
is the addition or new building which is in use but has not been 
equipped with sprinklers. Many large losses on properties having 
sprinkler equipments have deen due to the fact that the fire 
started in a new portion which had not been equipped. 

34. Sometimes these portions are not as hazardous as most or 
all of the rest of the property, and the property owner thinks the 
danger is slight, but he fails to realize the menace to the property 
as a whole; often the new portion is. just as bad as the rest, but 
the owner delays in contracting for the sprinkler system. Even a 
relatively small addition or new building may be a severe menace par- 
ticularly if there be a considerable amount of combustible contents. 
The heat from a fire in such an addition or building may spread 
rapidly through door or window openings and open a large num- 
ber of sprinklers in a short time, thus overtaxing the sprinkler 
system or water supplies. 

35. The property owner is not treating the insurance interests 
fairly, to say nothing of his own interest, in not extending the 
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sprinkler equipment to such portions, as the insurance rate and 
premium is seldom properly or promptly adjusted to take care 
of such conditions. No matter what the construction, all such 
additions or new buildings should be equipped with sprinklers, 
and the system put in service, before the building is used for any 
purpose, and before combustible contents are introduced. If 
this fundamental rule had been observed, many large losses would 
have been avoided. 


MAINTENANCE AND INSPECTION 


36. Preceding pages call attention to certain defects which have 
brought about serious loss and which loss would in most cases 
have been avoided by frequent inspection and better maintenance. 

37. Most sprinkler systems are inspected from time to time by 
insurance organizations. These insurance inspections vary in fre- 
quency and quality. Some organizations inspect three or four 
times a year while others may inspect once a year or less. It is 
difficult to obtain trained inspectors for this work. After all, the 
property owner himself is the one most interested in and benefited 
by his sprinkler system, and he should inspect his system fre- 
quently so that he may know for himself the exact condition of 
the system. (See Self Inspection, page 654.) 

38. In many cases the property owner has no one in his employ 
who is competent to look after his system, in which case he has 
to largely rely on insurance or other outside inspections. Certain 
sprinkler companies maintain inspection departments which make 
examinations and reports of systems installed by these companies, 
and a number of skilled professional organizations are also avail- 
able to the property owner who desires to maintain the best pos- 
sible conditions. 

39, Defects found by the inspectors of one of the large sprin- 
kler companies during a period of four years are given in the 
following tabulation: 


an 
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CLASS A 


Vital Maintenance Defects which if not remedied, might result in the failure 


of the sprinkler system to properly control the fire 


Number of Cases 


Total to 
Dec. 1, 1922 

Pe ALGE) Sint OLE (EPYANEI CES oo <x oct o/ cia lela'm stale <.0 clas alele s\n» ¢ ats foie toys 627 
Wineprisileress portions, ietC ps. ¢ lad bic saps bid side Sreicle uence Bee Stee 11229 
eich Ove: Were SMPPUICS! Ceara etalere in ceicis Clare's alelels cine «s'\= jaar ents 999 
Sprinkler systems not properly protected from freezing.......... 1306 
Dry system not properly mairitained. 9%... 0.0.0. cess none aes 1417 
High test heads used improperiv, etc..... 2... ccc cect cece cece 484 
Rete CRIT Cu CPG ERE DEEL OM ccccon sb sass. » wont phe who sas bia exes eral anes eae 3663 
(Eotal. Number: Defects, | Glass(Asslslid smclegicies cl bss See ste ted 19725 
PearanWenber Detects.” Class Bonn ect occ sco nas ss pass ne'spuoe soe 14562 
REST Ta We'd 91 a ON SEE AERIS Sadie REC EERIE SESE One 34287 


CLASS B 


Less important defects which affect proper and economical maintenance 


or efticiency of sprinkler systems 
Number of Cases 


Total to 
Dec. 1, 1922 

Insufficient supply of extra sprinklers on hand............0.-6- 185 
PoE Me - ALE ACH ICMED © TIFISSISIDS . yia)picie wie > «fo vie0 Sess vies Cates Fielp s 229 
piasmigalves: ontOf GedeniormMissinpces 2.5 ..60s050s 20 tees sce 224 
iam atiacwmenstss oubloht Order . £9516 2. c.< sc wsge cscs esvescnes 2215 
Mateneatves 1ommiwOl GTaere bed. 6 5's cTtiP Bhs wc 0. Sie ols Sie ow sieves 88 8 5.9 He 2192 
Defective piping or supports... Modes. toes See cca wee 5124 
Canceuat SatankesrentiGl Order > < oe s0 Mle sek ss ciel ab dsl ale wei aves 1628 
PiESORSCTiatlies 1s OMTMOL OFUEE 23 a3:0 0:4 5:0 dais t sfole'o ¥.0.5 spins ialnmn's ene 164 
Beare grcimigns (ee paITE TIECALA) fs o.pc'-0\s:s 0 a alcls oo pio o'eb.6 + sae avaeeenie 60 
Ve ASH) Vie Ce CRESS a ee SOAS ay AAC ROO RS 1741 
Hose connections (In generally poor condition)..............+.+ 108 
Outside sprinklers (Plugged heads, etc.) <2. slice aoscceeeciedsitiee 92 
‘Petal Weimber Defects, Wilase| 5. gets occielcisipic #o'o.0 «\s,0.0's si eisieveie 14562 


EFFICIENCY OF AUTOMATIC SPRINKLERS IN 
PLANTS OF VARIOUS OCCUPANCIES 


40. Owing to the importance of the efficiency of automatic 


sprinklers in plants of various occupancies, the authors have re- 
printed on page 751, the National Fire Protection Association fire 
record of the Effect of Sprinklers by Classes of Occupancy, and 
have included extracts from this table in this section in order to 
show as clearly as possible the relative value of sprinklers in the 
more important lines of industry. 


41. The question of modification of the Standard Sprinkler 


System where the occupancy seems to warrant either more or 
less than the standard is also involved, and the student of auto- 
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matic sprinkler protection soon learns that while the average 
standard equipment is generally satisfactory for all plants, never- 
theless in many cases the requirements are unduly severe to 
secure adequate protection, while in other cases additional pro- 
tection is necessary to obtain the desired result. It is of course 
evident that where the building itself is of non-combustible con- 
struction, with a minimum of combustible contents, as, for in- 
stance, a machine shop, a relatively weak sprinkler system would 
be effective in extinguishing fires, whereas in a frame warehouse 
full of cotton or other combustibles the full standard is essential ; 
and to go still further, in such plants as oil cloth drying build- 
ings some special arrangement of sprinklers is necessary, owing 
to serious obstruction to distribution from stock. 

42. The National Fire Protection Association records give suf- 
ficient data in many classes of property to admit of comparison. 
A selection from the tables of 1922 is as follows: 


Percentage Percentage; Percentage| Percentage 
of Fires | of Unsatis-| of Unsatis-| of Unsatis- 
No. of Extin- factory factory factory 
Industry. Fires. | guished by Fires. Fires Due | Fires Due 
Sprinklers. to Defec- | to Hazard 
tive Equip-| and Ob- 

ment. structions. 
Boots and Shoes...... 704 73.3 oo 1.1 A 
Collutotdia... cts. cee 186 69.4 1.2 22 65 
RONOGIINE eisnsyseh ore cote 893 81.5 9 me! = | 
@Wordagewcnt ss: 309 65.1 3.5 1.6 af 

Cotton Mills..... 6111 62.0 pe bane .06 
Furniture. ...... 725 64.1 7.9 2.1 2.1 
Grain Elevators. . 67 38.8 23.8 12.0 4.6 
Knitting Mills... a eee 64.3 3.3 2.1 | 
Mercantile....... es 955 80.1 1.9 2 0 
Metal Workers........ 1133 65.1 4.1 1.4 5 
Oil Cloth and Linoleum| 102 30.4 18.6 4.0 14.0 
Paper Ae siti, 684 50.2 8.1 3.6 4 
PEIN TING soceey ux etme sce 651 80.6 2.6 8 2 
Saw and Planing Mills. 178 44.4 23.0 1.3 2.5 
Woolen Mills......... 1249 0.6 4.6 2.3 .08 


43. Commenting on this table, it is to be noted that the dif- 
ference between fires extinguished and unsatisfactory fires rep- 
resents fires held in check by the operation of sprinklers and ex- 
tinguished by other agencies. 


— >” - 
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44, Generally, the higher the percentage of fires extinguished _ 
the lower the percentage of unsatisfactory fires, and vice versa. 

45. The range of percentage of fires extinguished is from 81.5 
per cent. in clothing factories to 30.4 per cent. in oilcloth and 
linoleum works, and the range of percentage of unsatisfactory 
fires is from o.9 per cent. for clothing factories to 23.8 per cent. 
for grain elevators. This quite clearly shows the advisability of 
modifying the present standards to meet the needs of the class of 
occupancy and, of course, the construction. 

46. Some light is thrown on the margin of safety by the per- 
centage of unsatisfactory fires due directly to faulty or defective 
equipments. Where this percentage is small, as in mercantile 
risks, it would tend to show that a less powerful system than the 
average would give good results, while in knitting mills and fur- 
niture factories, for instance, the higher percentages tend to show ~ 
a smaller factor of safety and the need of better equipment. 
Very powerful systems only are suitable for grain elevators and 
saw mills. This assumes that faulty equipments have existed 
in similar proportions in the various classes, which is not alto- 
gether true. 

47. The column showing percentage of unsatisfactory fires 
caused by hazards and obstructions is interesting in comparing — 
sprinkler control in the various classes. In several the record is 
practically perfect, while in celluloid and oil cloth factories the 
control is questionable. 

48. The attempt to provide an equipment which will answer 
for all classes of occupancy and provide against all contingencies 
has led to the use of a standard with altogether too great a 
margin of safety and an expense of installation which is not 
warranted in the average property. / 

49. The Sypho Chemical Sprinkler System, described in Chap- 
ter 33, is designed to meet these sprinkler fire situations. 

50. In most classes of risks the hazards of occupancy are not 
too severe for the average equipment, nor are the obstructions 
to distribution serious, and a study of the fire record shows com- 
paratively few prominent classes where these particular features 
are likely to affect sprinkler control, such as celluloid works, 
cereal mills, cooperage, cordage works, cork factories, cotton 
warehouses, grain elevators, flour mills, furniture factories, 
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match factories, oil cloth works, rubber works, saw mills, starch 
factories, varnish works, window shade factories, and wood- 
workers. 

51. The important features of each class as affecting sprin- 
kler control, with suggestions for increased protection or reduc- 
tion of the hazard, are briefly enumerated. 


CEREAL MILLS. 


52. Dust explosions in this class of risk may cripple any sprin- 
kler system. The working rooms can be ventilated to reduce the 
dust hazard. Storage bins when not full may have a serious dust 
hazard, and the danger of ignition can be minimized by screens 
and magnets at the attrition mills, as the chief hazard is sparks 
in the mills. Sprinklers have shown excellent results in cereal 
mills, but full standard equipments with water supplies above the 
average are essential and complete protection is vital, i. e., sprin- 
klers inside of dust bins, chutes, conveyors, and all concealed 
spaces. See Flour Mills below. 


COOPERAGE PLANTS. 


53. Owing to the very serious obstruction to distribution from 
sprinklers, especially where barrels are piled several tiers high, 
fires sometimes get beyond control. The water supplies should 
have greater volume than is ordinarily needed and heavy pres- 
sure is also desirable. Barrels should preferably be stored in 
detached or cut-off buildings. 


CORK FACTORIES. 


54. Finely divided cork dust is particularly liable to explode 
and sometimes with sufficient violence to break the sprinkler 
pipes and cripple the system. This hazard can be largely over- 
come by means of blower and ventilating systems which will 
keep the room in which grinding is done sufficiently free from 
dust. It is also advisable to have the cork grinding processes in 
a building well detached from the main plant. 


COTTON WAREHOUSES. 


55. In a standard warehouse cotton bales are laid on end and 
never tiered. Where cotton is piled several bales deep, as is 
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generally the case in non-standard warehouses, the obstruction 
to distribution of water from sprinklers is very considerable and 
fire is exceedingly difficult to extinguish. For such non-standard 
warehouses the water supplies should be well above the average 
as to volume and pressure. 


FLOUR MILLS. 

56. Except as regards construction, flour mills present similar 
problems to grain elevators. The dust hazard can undoubtedly 
be largely, if not entirely, eliminated by proper blower and ven- 
tilating systems and with this accomplished the flour mill pre- 
sents no particularly severe hazards. Owing to the fact that the 
spread of fire is probably more rapid than in the average risk it 
is well to provide water supplies of larger capacity. As with 
cereal mills, it is of vital importance to have sprinklers inside all 
conveyors and enclosures. 


FURNITURE FACTORIES. 

57. The benzine varnish dip tank is perhaps the most severe 
hazard met with in these plants. Even with first class sprinkler 
protection the dip tank hazard should be safeguarded in every 
feasible way, otherwise a large number of sprinklers may open 
and overtax the system. The hazard should be isolated as much ~ 
as possible from the rest of the plant, i. e., cut off in small room 
where a limited number of sprinklers will open. Additional 
safeguards can be provided such as automatic cover and over- 
flow pipe. Methods of safeguarding dip tanks are covered in 
some detail in Chapter 7. 

58. In most furniture factories there is a serious obstruction 
to distribution from finished goods in stock rooms and also from 
lumber, the latter particularly in dry kilns. Finished goods 
should be kept in a storehouse either separate or cut off from 
main plant. They should be piled as low as feasible and never 
within less than two or three feet from the ceiling. 

59. A fuil standard equipment is particularly advisable in fur- 
niture factories and heavy pressure water supplies of large vol- 
ume are desirable. 
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GRAIN ELEVATORS. 


60. Severe explosions from grain dust sometimes occur suffi- 
cient at least partially to wreck the building and break the sprin- 
kler pipes. While the dust hazard cannot be eliminated it can 
be greatly reduced by blower systems and proper care in fre- 
quently cleaning up the dust, especially around shafting and 
machinery where a fire is likely to start. 

61. The construction of grain elevators is such that it is diffh- 
cult to install an effective equipment and there are several un- 
usual problems involved. Elevators settle and change their shape 
sufficiently to cause unusual strains in the sprinkler piping, mak- 
ing it difficult to maintain such a system in good condition. 
Furthermore a dry system must be used and the proper location 
and arrangement of dry valves is very important. 

62. While it is true that there have been several so-called 
sprinkler failures in grain elevators, it is also a fact that in 
most, if not all, cases the sprinkler equipments have been faulty 
and there is no reason to believe that a standard equipment will 
not take care of a very large percentage of grain elevator fires. 
It is of the utmost importance that sprinklers be placed through- 
out all portions, such as elevator heads, legs, and boots, inside 
wooden machine enclosures, etc. 


MATCH FACTORIES. 


_ 63, The mixing of match paste is extra hazardous and ex- 
plosions are likely to occur. If the room in which this work is 
carried on has a standard cut-off from rest of plant the fire 
should be confined to that room and controlled without diffi- 
culty by the ordinary sprinkler system. The storage of chlorate 
is also important and this should be in a detached building. 

64, In the work and packing rooms fires often occur, and while 
they spread somewhat rapidly they should be controlled by sprin- 
klers without opening more than the average number of heads. 


OILCLOTH WORKS. 


65. Coating with benzine mixtures and drying constitute the 
chief hazards so far as sprinkler control is concerned. Where 
the drying is in rooms of considerable height and area, fires 
frequently get beyond control of the ordinary sprinkler system 
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owing to the large amount of combustible material and the large 
number of heads opened. This has been the experience both with 
horizontal flat drying and with festoon drying methods. Such 
dry rooms require special treatment as regards sprinkler protec- 
tion. Where the height of dry rooms is over 15 ft., side or aisle 
lines can advantageously be installed. They are particularly 
necessary with flat drying. The main supply pipes should be de- 
signed properly to feed all the sprinklers in the room when 
operating at the same time and this generally means water sup- 
plies of large capacity. 

66. In small dry rooms or cells, such as are used in the manu- 
facture of table oilcloth, it has been amply demonstrated that 
the ordinary sprinkler system will extinguish the fire without 
allowing it to spread to any extent. 


PYROXYLIN PLASTIC (CELLULOID) WORKERS AND 
MANUFACTURING. 


67. The great danger is from celluloid in bulk, either sheets 
or scrap. A standard equipment should control any fire except 
for stock in bulk, and the natural answer is, therefore, to store 
all stock or scrap in detached fireproof vaults, with only a small 
amount in any one section. A fire in bulk stock of celluloid is 
practically uncontrollable and explosions are likely to result; — 
while if scattered in moderate quantities, as in the ordinary cel- 
luloid working establishment, celluloid fires are readily controlled 
by sprinklers. Under certain conditions, as in portions of plants 
manufacturing smokeless powder, both powerful automatic and 
open sprinkler systems have been installed. 


RUBBER WORKS. 

68. While large quantities of naphtha are used in most rubber 
factories, the only hazards which would probably affect sprinkler 
control are rubber cloth coating and drying and other large dry 
rooms such as are sometimes found in boot and shoe factories. 
These dry rooms become filled with naphtha vapor and quick 
flash fires result, opening all the sprinklers in the dry rooms and 
sometimes many in the rooms adjoining. 

69. Full standard equipments are essential where these haz- 
ards exist, but as such fires are usually extinguished quickly the 

_ ordinary water supplies should be amply sufficient. 
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SAW MILLS. 

70. The construction of many saw mills is such that large 
numbers of sprinklers are likely to open and overtax any avail- 
able water supplies. Very high studded ceilings and open ends 
carry the heat away from the sprinklers directly over the fire and 
in buildings of such construction this cannot well be avoided. 

71. The sprinklers must be designed to give good distribution 
from a large number of heads, with large feed mains and short 
branches. Only a small number of sprinklers should be allowed 
on one dry valve, say not over 150, and dry valves should be 
located as near as possible to the sprinklers which they control. 
Water supplies should be of sufficient volume to feed seventy- 
five or one hundred sprinklers at a time, and experience has 
shown that in many cases the water supplies were totally inade- 
quate for saw mill building fires. 

72. Obstructions to distribution are numerous and great care 
should be given to the proper arrangement and location of sprin- 
kler heads. 


STARCH FACTORIES. 

73. Serious dust explosions have occurred in risks of this 
character, sufficient to cripple the sprinkler system. This hazard 
can be minimized by proper blower systems. The remarks made 
under flour mills also apply. 


VARNISH WORKS. 

74. Fires in open tanks of varnish, once started, are almost 
impossible to extinguish with water. Arrangements for draining 
such tanks can be made and covers (preferably automatic) 
provided. 

75. Where rooms are not too large and there is plenty of 
boiler capacity live steam can be used to advantage. The storage 
of varnish in bulk should be in a separate building. 

76. Even with good sized open tanks the water from sprinklers 
is of great value in helping to hold fire in check and the water 
seems to have a smothering effect. Such a fire will, however, 
burn much longer than the ordinary fire and in all risks of this 
class the sprinkler system should be full standard and have water 
supplies of large volume. 
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WINDOW SHADE FACTORIES. 


77. The ordinary festoon drying of cloth coated with naphtha 
cut paint or varnish, presents a serious hazard both as regards 
the rapid spread of fire and obstruction to distribution. In this 
class of risk the sprinkler system should be full standard and if 
rooms are of large area particular attention should be given to 
the arrangement of the risers and feed mains. Water supplies 
should be above the average, both as regards volume and pressure. 


WOODWORKERS (rough, not finishing). 


78, In this very large class of risks there are three main fea- 
tures affecting sprinkler control: Sawdust vaults, lumber dry 
kilns, and obstruction to distribution from stock. 

79. In the lumber dry kiln we not only have obstruction to 
distribution from the lumber itself but also frequently a blower 
system which aids in the spread of fire. With such a blower 
system arrangements should be made for quickly shutting down 
the blower, both automatically and manually. The dry kilns 
should be of small area and the lumber should not be piled close 
to the sides of kiln, nor should it be piled within two or three 
feet of ceiling. Sprinklers should be spaced somewhat closer 
together in dry kilns so as to give an extra amount of water, and 
as such fires are particularly difficult to extinguish the water . 
supplies should be of ample volume. Doors should be kept closed 
in case of fire so steam from water of sprinklers can smother 
fire. 

80. Explosions have frequently occurred in sawdust vaults, and 
side walls should be heavily constructed, with positive cut-offs 
from other buildings. Any fire in a sawdust vault can be entirely 
isolated regardless of sprinklers. See page 63. 

81. Owing to the fact that obstructions to distribution from 
stock are more severe in woodworkers than in many other classes 
of risks, the sprinkler system should be full standard, with water 
supplies above the average, both as regards volume and pressure. 


SPECIAL OR MODIFIED SYSTEMS 


82. The foregoing pages have called attention to a number of 
properties where the fire hazard is unusual or of more than aver- 
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age severity. There are a large number of properties where the 
fire hazard is much less than the average as, for instance, dwell- 
ings, apartment houses, hotels, churches, hospitals, institutions, 
public buildings, schools, colleges, office buildings, ete. Small 
stores or mercantiles are much less hazardous than most manu- 
facturing properties. 

83. While, therefore, the full standard sprinkler system or even 
a “super” system may be necessary for some hazardous classes of 
property, a system less powerful than the standard may be ample 
for properties where the fire hazard is relatively light. There is 
only one standard under the rules and this is required in all cases. 
This standard is designed properly to protect all classes of prop- 
erty including hazardous manufacturing properties. 

84. It is generally agreed that from the standpoint of good fire 
protection, the same powerful system required for a cotton mill is 
not necessary in these light hazard properties, but so far no other 
standard or modified system has been adopted. 

85. The Grinnell Co. Inc., developed a so-called Special Sys- 
tem for schools, hospitals, etc., and a number of these systems 
were installed. This system provided for 2™%- to 3-inch feeders 
as a maximum, and the sprinklers .under smooth ceiling were 
spaced further apart. This system would properly feed from 12 
to 15 sprinklers and it is not expected that more than this number 
of sprinklers would be called upon in these classes of property. 
The cost of such a Special System would average 25 per cent. to 
40 per cent. less than the National Standard System. 

86. In some localities the insurance interests permit the use of 
three-inch feeders as a maximum in certain classes of property. 
The-attempt to provide an equipment which will answer forall 
classes of occupancy and also provide against all contingencies, 
has led to the use of a standard with too great a margin of safety 
and an expense of installation which is not warranted in the aver- 
age property. 


PARTIAL SYSTEMS 


87. In most properties used for manufacturing or mercantile 
purposes the fire hazard is more or less equally distributed through- 
out the property and a complete sprinkler system is essential. 
This, however, is not equally true of some classes of property 
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-where a considerable portion is used for dwelling, office, or as- 
sembly purposes where the danger of fire is slight, while in other 
portions the danger of fire is much greater, and if a fire does 
start, it may spread rapidly before it is discovered. 

88. The properties mentioned under Special Systems (par. 82) 
are of this general type and include buildings used in part for 
dwelling or office purposes with the basement and first floor used 
for mercantile or similar hazard’ occupancy. It happens that 
many of these properties are especially important from the stand- 
point of safety to life as people may live or congregate in large 
numbers in such buildings. There has been a serious loss of life 
in a number of schools, hotels, institutions, etc.. and in most 
cases the fire has started in the basement or working portion, or, 
if starting in the living or assembly rooms, the fire spread rapidly 
because of open halls, stairways, or elevators. 

89. Because of the relatively low insurance rates and the small 
property value; the saving in insurance for a complete sprinkler 
equipment is much less with such properties than for manufactur- 
ing or mercantile properties of the same size, and the cost of a 
complete standard system is often considered prohibitive when 
compared to the saving in insurance or the protection afforded. 

90. It is, therefore, proper to consider the value of a partial 
sprinkler system for many such properties, that is, to equip with 
sprinklers those portions not used for liying, assembly, office or 
similar purposes, and which would generally include basements, 
working portions (such as kitchens, laundry, boiler rooms, etc.), 
storerooms, attics, hallways, stairways, elevators, chutes, etc. 
Statistics for such classes as schools, colleges, hospitals, institu- 
tions, and hotels seem to show that well over half of all fires 
start in the basement or working portions and also that fires 
starting in these portions are more likely to spread rapidly than 
fires starting in small rooms. 

- 91. It seems fair to assume that if these portions of such prop- 
erties are equipped with sprinklers, the danger of serious fire will 
be reduced at least two thirds and the danger to life even more 
than that, for the sprinklers in hallways and floor openings will 
do much to prevent the rapid spread of fire even though the fire 
may start in portions not equipped with sprinklers. The cost of 
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such partial equipments is of course far less than a complete sys- 
tem, and if the insurance cost were reduced in proportion to the 
protection afforded, and the property owner realized the materially 
reduced danger to life, a large number of such partial systems 
would be installed. 


92. Analysis of Where Fires Start in Schools, Institutions, 
and Hotels—(Taken from the N. F. P. A. Quarterly of Janu- 
acys 1021.) 


Schools and Institutions. Hotels. 
Colleges. 
Location of Start of Fire. Percent- Percent- Percent- 
No. of | age of | No. of | age of | No. of | age of 
Fires. | known | Fires. | known | Fires. | known 
Fires. Fires. Fires. 
UPB aseMeNti, hoc sis res 0s 21 28 4 14 28 18 
2. Working portions r 
(excl. bsmt.)....... 25 33 14 48 75 47 
1 and 2 together... 46 61 18 62 103 65 
3. Roof or exposure..... 8 ll 2 7 15 9 
4, Elsewhere........... 20 27 9 31 43 rif 
5. Total Known....... 74 29 161 
6, Unknowns is. 65.5.5 - 16 6 14 


BASEMENT SPRINKLERS. 


93. As set forth in the preceding section, basements, especially 
in certain classes of occupancy, are particularly hazardous in com- 
parison with other portions, and hence automatic sprinklers are 
of great value, even if installed only in basements and sub-base- 
ments. 

94. The fighting of fire in basements is generally so difficult or 
dangerous that this is an additional argument for sprinklers. 

95. In some cities the authorities have required some form 
of special protection for certain basements, such as perforated 
pipes, open sprinklers, and automatic sprinklers. The latter is of 
course far more efficient than any system which is hand operated, 
and a complete system of automatic sprinklers throughout a 
basement is of considerable value. The water damage in case of 
fire is far less when automatic sprinklers are installed than when 
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the entire basement is flooded by means of perforated pipes or 
open sprinklers. 

96. Where such basement equipments have been installed there 
has generally been insufficient attention paid to standards for pipe 
sizes and spacing of heads, so that many such equipments are of 
doubtful value. 

97. Whenever automatic sprinklers are installed in a base- 
ment, the work should be done in conformity with the standards 
for automatic sprinkler protection, and it is always advisable to 
provide connections and feed mains of sufficient size and so ar- 
ranged as to permit the extending of equipment to upper floors 
if desired. 


SUPERVISION AND CARE OF VALVES 


98. The sprinkler fire record shows that about 5 per cent. of 
all the fires reported are failures in that the automatic sprinklers 
do not hold the fire in check. Of this 5 per cent. about one 
fourth are due to closed gate valves, or, in other words, about 
one and one fourth per cent. of all the fires reported are not 
controlled because the water is shut off at the time of fire. 

99. Inspections by the insurance interests also show many 
closed valves, and the question of supervision for sprinkler valves 
is the most important single maintenance item in connection with ~ 
the sprinkler system. 

100. The importance of keeping sprinkler valves open was, of 
course, understood even in the early days of sprinkler protection, 
but it required a number of serious fires due to closed gate valves 
before any earnest consideration was given to this danger. 

101. The following table is taken from the 1922 Annual Report 
of the N. F. P. A., giving classification of Fires, etc. 


1897-1922 

No. of Fires 
Water shut off for unknown reason, neglect or carelessness... 134 
Wiatern shut Off tO PLEVEN LLECZINS os acs ics cide aus sieie.e sid inse'9 nie 73 
Water shut off due to accidents or repairs..............+e00- 60 
Water shut off before fire was out, or fire rekindled.......... 54 
VEL CRIESEITI Caro ae TISCELALCOUS Yio are oye «2 o.0' + lacsarte entvelans. =) / 0 sien 15 
Wir terecitiivolim leaky. (Ly SVSECI sq 4-5\s10\< 0 s.ej0 0s wlelois aisieasisiele II 
Water shut off, probably incendiary................. UIUC. abs 6 
Water shut off, defective gate valve......... Ute ae. emeee 7 


ete ae Pg Toc wa ncdeti cess ds 300 
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102. The National Board Rules classify the various methods of 
supervising valves in the order of their efficiency and importance: 


1. Central Station Supervisory Service. 

2. Local Automatic Valve Notification. 

3. Local Non-Automatic Valve Recording Systems. 
4. Valve Sealing Systems. 


CENTRAL STATION SUPERVISORY SERVICE. 


103. This is an automatic signal system and a fire protection 
follow up service which is designed to increase the efficiency of 
automatic sprinkler systems. The signal apparatus itself must be 
properly designed and installed to meet severe operating condi- 
tions, but of even greater importance is the prompt receipt of the 
warning signal and the action taken. Sprinkler systems are effec- 
tive, because they attack the fire where it starts and when it starts, 
and, similarly, Central Office supervision is effective, because it 
gives prompt notice to the proper party and indicates what has 
happened. ~ 

104. The principal object of Supervisory Service is to insure 
the continuity of sprinkler protection, and Central Offices have 
been established in practically all cities of over 100,000 inhabitants, 
which are in charge of competent employees and have constant 
electrical supervision over all the important elements of any 
sprinkler system. 

105 The automatic signal system installed in the sprinklered 
property transmits telegraphic signals upon operation of the system 
or derangement from normal, and the information thus received 
by the Central Office is transmitted to those who are most inter- 
ested, namely, the property owner or the city fire department. 
The Supervisory Service signal system is entirely automatic in 
its action, the signals being initiated by changes in the sprinkler 
equipment itself and in turn automatically transmitting distinctive 
signals to the Central Office operators. The devices in general 
are all provided with tamper signals so that they cannot be dis- 
connected or disturbed without automatically transmitting trouble 
signals. The points covered by Supervisory are as follows: 


106. Supplies-Tanks-Pump-City Connection—Signal actuat- 
ing devices are attached to the various sources of supply which will 
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initiate signals as conditions of these supplies change from time to 
time. In gravity tanks, pressure tanks, surge tanks, reservoirs, 
etc., a water level float is installed at the proper water line, which 
actuates a transmitter, and telegraphs a signal to the Central Office, 
showing water level is too high or too low. In case of city 
water, pressure tanks, etc., automatic pressure actuated gauges are 
installed and set to operate within given limits, thus giving warn- 
ing where pressure conditions are not constantly maintained. 
Where any of these sources of supply are subject to freezing, ad- 
ditional devices for signaling are installed, which give notice 
before water in supply reaches the freezing point, thus preventing 
frozen tanks and consequent damage to supply. 

107. Gate Valves—All gate valves which control the supply 
of water from the tank or other source of supply to the sprinkler 
head, are protected with mechanical-electrical signaling attach- 
ments which indicate when the gate valve is closed or open, thus 
keeping a constant automatic check on conditions of these valves. 

108. Air on Dry System—Air pressure on dry system is 
supervised by means of a special pressure actuated electric attach- 
ment, which initiates signals whenever the pressure varies from 
the limits permissible for the particular dry valve supervised, thus 
avoiding the unnecessary tripping of the dry valve. 

109. Water Flow—At the base of each system riser espe- 
cially designed electrical signaling attachments are installed which 
operate by a flow of water through the valve. These give prompt 
indication of the passage of water whether due to leakage or fire. 
Special arrangements have been provided in the transmitter for 
this particular service which retards the alarm sufficiently to pre- 
vent false signals from water hammer and focal conditions of 
similar nature. At night time these signals are at once trans- 
mitted to the fire insurance patrol and fire department. 

.110. Manuals—Break glass manual fire alarm boxes are 
generally installed at various points, so that the fire department 
can be promptly called when necessary. 

111. Handling of Signals—Upon receipt of signals referr- 
ing to maintenance only, as for instance, a closed gate valve, low 
water signals, low pressure, etc., the operator at the Central Of- 
fice gets in immediate touch with the owner or his representative 
and explains the trouble that has developed with the equipment. 
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He also promptly sends a runner to the premises with written 
notice as to the nature of the trouble. He also records these sig- 
nals in a log book and makes a daily report to the insurance 
interest having jurisdiction. In this manner, all faults of main- 
tenance are promptly brought to the attention of the parties who 
are most interested so that they may take the steps necessary to 
restore the protection at once. Further, during nights, Sundays, 
and holidays, upon receipt of signals indicating fire or water flow, 
notice is promptly given to the city fire department or patrol. 

112. Record—Sprinkler Supervisory Service has been in 
effect some twenty years. At the present time there are something 
over three thousand sprinklered plants under protection and the 
record of signals received from these equipments for 1922, showed 
77,321 abnormal conditions developed during that year in these 
properties. This is an average of about one signal in every two 
weeks for each equipment. Further, it is a well-known fact that 
the mere installation of Sprinkler Supervisory Service itself tends 
to cut down the number of unsatisfactory conditions. This is ac- 
counted for by the fact that those in charge of maintaining a 
sprinkler equipment do not care to have such minor details brought 
to the attention of their superior officers and consequently take 
additional precautions to keep the equipment in first-class order 
so that no signals will be transmitted. The records of losses in 
supervised sprinklered equipments, indicate a surprisingly low loss 
ratio for 1922, being something like $0.052 per hundred dollars 
of value carried. 

113. The cost of Sprinkler Supervisory Service varies with the 
sprinkler equipment, the two principal factors being the expense 
of installing Supervisory Service apparatus in a given property 
and the expense of wire rental in connecting same to the Central 
Office. In general, this charge will average about one half to 
one third that which would be needed for watchmen. 


LOCAL AUTOMATIC VALVE NOTIFICATION. 


114. This includes systems where the operation of a valve pro- 
duces some form of signal and a record at a common point by 
electrically operated devices and circuits continually under test 
and operating through an approved local central station, all in 
compliance with the standard regulations for the installation, main- 
tenance, and use of signaling systems so far as they may apply. 
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LOCAL NON-AUTOMATIC VALVE RECORDING 
SYSTEMS. 


115. In this class are included all appliances attached to or 
connected to valves for the purpose of making a permanent record 
of the condition of the valve continuously or at times when in- 
spections are made for this purpose. Their object is to procure 
a truthful record of the condition of the valves and to encourage 
frequent visits to the valves by those having them in charge, to 
further their familiarity with the valves’ location, their purposes, 
to prevent unauthorized operation of the valves, and to insure 
their ready accessibility. The rules for this class provide for a 
device at the valve and means by which a record is made by the 
watchman or whoever visits the valve and this dial or card record 
is then approved and filed by the person responsible for the condi- 
tion of the system. 

116. The Newman Valve Supervisory Devices are the only 
ones which to date have qualified under this class. Mechanical 
devices are attached to gate valves, including indicator posts, a 
watchman’s clock key is provided, and the device so designed that 
the key cannot be used for making a record unless the valve is 
open. 

117. The most important times of day to make the record are 
just after plant or building starts up for the day and just before 
closing time. The latter is important in that if a valve is found 
closed persons in authority can be notified before they leave and 
valve opened or necessary precautions taken. 


VALVE SEALING SYSTEMS. 


118. This class covers the standard method of sealing and 
tagging valves with the object of preventing so far as possible 
their unnecessary closing, to obtain notification of such closing, 
and to aid in restoring the valves to normal conditions. Some 
insurance organizations make use of seals and tags and require 
the property owner to notify them at once in case a valve is closed 
or seal broken. The insurance inspector attaches the wire and lead 
seal. When a seal. is broken it is advisable for the property 
owner to use a strap and padlock until such time as the insurance 
seal is replaced. With seals or any other form of fastening valve 
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there should be sufficient slack for the valve to be operated one 
full turn without breaking the seal. 

119. Where tags are used they should state the apparatus con- 
trolled by the valve, number of the valve, the date sealed, name 
of person sealing valve, and instructions for use in case the seal 
is broken. An index board can be used to advantage by the one 
in charge of sprinkler system, and when a valve is closed a notifi- 
cation tag is hung on the board until valve is again opened. 

120. Leather Straps and Padlocks—The Sprinkler Rules 
formerly provided that valve (unless sealed) be fastened open by 
means of a leather strap and padlock and this method has been 
very generally used for many years. A relatively light strap 
about one half inch wide of leather or some tough woven mate- 
rial, with an enameled iron ring, riveted to each end, and a cheap 
but durable brass padlock is recommended. The padlocks can all 
have a common key with one key in the office, another with the 
watchman and another with the one in charge of system. In case 
of emergency the strap can be broken or cut. This method is 
easily available to any property owner and a tag system can be 
used as a further precaution. 

121. Daily or Weekly Inspection—In many large plants a 
daily inspection is made of all valves and a signed report turned 
in for evidence as to the condition of valves. Such inspection 
should be made at least once a week in all cases. The valve 
should be given a part turn to see that it operates properly and the 
valve report should state that the valve is open and strapped or 
sealed. See also Chapter 37. 

122. Indicator Post Gate Valves—Indicator post gate valves 
in yards can generally be treated in similar manner to inside gate 
valves. They should be provided with locking bars so that they 
can easily be strapped or sealed. Such valves can be included in a 
tag system. 


SPRINKLER LEAKAGE 


123. The automatic sprinkler system consists of piping, sprin- 
klers, and other apparatus, all subject to the strain of water 
under pressure and the constant danger of accidental water dis- 
charge or leakage. 

124. It has been roughly estimated that 50 per cent. of the 
property losses from leakage are due to the sprinkler head, 
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chiefly on account of external mechanical injury or freezing. 
Thirty per cent come from the ordinary piping or fittings, and 
20 pei cent from the collapse of tanks or rupture of main supply 
pipes 

125. Over a period of five years, the experience of companies 
specializing in insuring plants under sprinkler protection has 
shown the likelihood of sprinkler heads opening from causes 
other than fire to be from I in 35,000 to I in 60,000 per year. 
The records of an important sprinkler installing company show 
am experience of I in 140,000 per year. 

126. Some of the more important undesirable conditions as af- 
fecting sprinkler leakage and water loss are as follows: 


a—Wooden tanks having flat hoops, and located near or over 
buildings. 

b—Heavy vertical piping supported by an elbow with no foot- 
ing under the elbow. 

c—Individual sprinklers so located as to be easily subject to 
mechanical injury 

d—Lack of sufficient heat in cellars, closed attics, shipping sheds, 
and entry ways. 

e—Unsupported lead joints subject to direct water hammer, 

f—No watchman service or satisfactory sprinkler alarm, so 
that water may flow for considerable length of time be~ 
fore being discovered. 


127 The Automatic Sprinkler—The sprinkler head is de- 
signed to stand at least 300 pounds pressure without injury or 
leakage. Sprinklers are constructed and manufactured under un- 
usually good shop conditions, and if carefully and properly in- 
stalled there is little or no danger of leakage at the sprinkler head 
unless it is injured in some way. Sometimes the sprinkler is 
injured when being screwed into the pipe or not properly screwed 
in but such instances are extremely rare, 

128 There is probably not much difference between the modern 
approved sprinklers as regards their strength or liability to in- 
jury They will stand rather hard usage without leaking and the 
frames can be bent without breaking. While many cases of 
water damage from sprinklers are due to mechanical injury, it 
is generally on account of unusual conditions or gross careless- 
ness, 
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129 Where the sprinkler is located so as to be easily subject 
to mechanical injury, it is desirable to provide metal guards to 
protect it. Such guards can be secured from the sprinkler com- 
panies. 

130. The danger of the modern approved sprinkler breaking 
apart without being injured in some way, even under extra heavy 
pressure such as 150 pounds, is extremely remote. Shop practice 
has been improved, the sprinklers are all carefully tested, and 
the manufacture of approved sprinkler heads is under the con- 
stant supervision of the Underwriters’ Laboratories. 

131. Piping and Valves—The causes of leakage are chiefly 
the following: 


a—Defective piping or fittings, as, for example, too thin or 
having sand holes. 

b—Defective workmanship when installing system, as, for ex- 
ample, undue strain caused by piping not being the right 
length. 

c—Heavy piping not properly supported. 

- d—Insufficient fastenings when cast and wrought iron piping 

come together. 

e—Freezing. 

{—The settling of a building or change in floor level putting 
severe strains on the heavy pipe. 


132, Freezing—Freezing is a common cause of water leak- 
age and difficult wholly to guard against in northern climates 
where the temperature frequently drops to far below freezing and 
sometimes without much warning. The best of care and super- 
vision is practically the only remedy in closed attics, hallways, 
dormer windows, basements, or other places where there is danger 
of freezing. A thermometer which registers the minimum tem- 
perature can be used to advantage. The practice of insulating or 
wrapping the pipe up to and around the base of the sprinkler is 
merely a makeshift and usually not to be relied upon. Sometimes 
steam piping can be run alongside the sprinkler piping and both 
insulated with noncombustible material. 

133. Where it is not feasible properly to heat the premises, the 
air or dry system should be used. Such a system very closely 
approaches the ordinary wet system in efficiency, and it is far 


~~ 


za 
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better to use a dry system than to take chances of frequent freeze- 
ups and interruptions to sprinkler service. 

134, Gravity Tanks—There have been a number of serious 
accidents due to the collapse of gravity tanks or the structures 
supporting them: The causes are various and include: 

a—Weak or defective foundations. 

b—Weak walls for supports. 

c—Poorly designed or weak trestles or supporting structure. 

See Fig. 53, page 376. ; 

d—Breaking of tank hoops due to corrosion. 

135. The latter is perhaps one of the more common causes, and 
the old style thin flat hoop is pretty sure to give trouble sooner 
or later as it corrodes on the inside and loses its strength. Only 
round hoops should be used and these should be painted fre- 
quently. 

136. Not only severe property damage, but also ioss of life has 
been caused by the collapse of gravity tanks. The work of 
erecting gravity tanks should only be entrusted to reputable and 
experienced concerns. : 

137. Sprinkler Alarm Valves—Sprinkler alarms are not only 
valuable on account of giving prompt notice of the operation of 
the sprinkler at times of fire, but also in case of water leakage or 
discharge from causes other than fire. For this reason alone 
every sprinkler system should have alarm valve protection. 

138. There are several types of alarm valves, and they all re- 
quire some degree of supervision and more or less frequent 
tests. See Chapter 31. Some are designed to make an electric 
connection only and others have also a rotary gong attachment. 
Open circuits are often employed, and the circuit and bells should 
be tested daily. The water driven rotary gongs are subject to 
clogging or disarrangement from ice, snow, birds’ nests, ctc., but 
usually give fair service. 

139. The alarm valve is supposed to operate with the opening 
of a single sprinkler head, and the only proper test is to draw 
water from the sprinkler system under the same conditions. 
This requires a 14-inch outlet at or near the top of the system 
or a smaller outlet, say 34-inch, if near the alarm valve. 

140. The central station supervisory service in connection with 
alarm valves undoubtedly gives the best results. 
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141. Shut-off Valves—The need of shutting off water 
promptly in case of accident is self evident. From a fire stand- 
point, the fewer the valves, the less is the danger of valves being 
closed, and modern practice tends towards the elimination of all 
unnecessary valves. With high buildings, large floor areas, and 
damageable stock, it is undoubtedly advisable to have inside valves, 
and the condition of these valves can be properly safeguarded by 
supervisory service or frequent inspection. 

142. All valves should be easily accessible and they should 
be clearly marked to designate the portion of the building 
which they control. 


SPRINKLER LEAKAGE REPORTS. 


143. The insurance companies have adopted a standard 
form of inspection report for sprinkler leakage with the fol- 
lowing principal topics: 

144. Occupancy—Class of goods; how piled; properly skid- 
ded; value in basement. 

145. Construction—Height of building; type of floors; water 
proofing of floors; floors arranged to drain. 

146. Alarm Service—Watchman; sprinkler alarm; sprin- 
kler supervisory service. 

147. Sprinkler System—Water supplies; static pressure in- 
creased by direct pumping; wet or dry system; type of sprin- 
klers; piping and sprinklers when installed. 

148. Gate Valves—Where located; readily accessible; drip 
valves. 

149, Gravity Tank—Size; where located; age; how sup- 
ported; condition of tank and hoops; expansion joints; tank 
and feed pipe protected from freezing. 

150. Liability to Breakage—Poor supports; corrosion; stock 
piled around sprinklers; defective sprinklers; sprinkler head 
guarded where necessary; especially liable to mechanical in- 
jury. 

151. Liability to Freezing—All rooms properly heated; 
blind attics or concealed places; main feed pipe and risers 


properly protected; dry valve closets heated; any sprinklers 
shut off in winter. 
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CORROSION OF AUTOMATIC SPRINKLERS 


152. It is very important that the limitations of sprinklers be 
recognized quite as well as their great value. Sprinklers gen- 
erally have no place in buildings where there are serious cor- 
rosion or loading hazards. The following illustrations show 
what can happen to approved sprinkler heads under such conditions. 
Proper construction and sub-division and control of hazards is 
the method of treatment that should be adopted in cases where 
corrosion and loading danger is serious. 

153. The following applies to the solder release type of sprin- 
kler. See also page 501 for description of Bulb type of sprinkler. 


METHODS OF PREVENTING CORROSION. 


154. Corrosion may affect the solder or the moving parts so 
that they will not operate as designed. This can usually be de- 
tected by a surface examination and in all cases where the metal 
or solder is not smooth or bright, sprinkler heads should be re- 
moved and thoroughly tested. The frequent inspections by the 
insurance interests make it generally feasible to leave this ques- 
tion to the inspector, allowing him to remove heads to test as he 
may deem necessary. 


Fic. 74. GLass Cap PROTECTION FOR GRINNELL [HEAap., 
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Fic. 75. EXAMPLES oF Corropep AND Loapep AuToMATIC SPRINKLER Heaps. 
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155. Heads suspected of being dangerously corroded or loaded 
should be tested to determine their actual condition. Under an 
arrangement with the manufacturers of sprinklers, the Under- 
writers’ Laboratories test, without cost to owners, any heads 
that are sent in for examination. Twelve sprinkler heads are 
generally desired. Comprehensive test reports and opinions are 
rendered by the Laboratories. 

156. Various methods have been tried for preventing the cor- 
rosion of automatic sprinkler heads; most of these being in the 
form of a coating, such as paraffine, asphaltum, or wax, and 
while some of these are unqualified failures, several of the 
prominent sprinkler companies are installing, where necessary, 
wax-coated heads which give fair satisfaction unless the condi- 
tions are more than ordinarily severe. ‘The wax melts at a lower 
temperature than the solder, so that it should not affect the sen- 
sitiveness. Lead coatings have been used, but the protection 
afforded is generally slight. The use of glass caps on Grinnell 
heads gives considerable protection against corrosion and load- 
ing, providing the cap is sealed in the groove in which it rests, 
and provided, of course, these fairly thin caps are kept intact. 
They slow up the action of the sprinkler head about one tem- 
perature classification; for example, a 155° head operates about 
as readily under a cap as a 212° head in the open. See Fig. 74: 
Where the corrosive influences are severe, as in some parts of 
bleacheries, paper mills, chemical works, etc., the sprinklers may 
have to be changed frequently and new coated heads installed. 


FIELD TESTS. 

157. The Western Factory Insurance Association issued the 
following corrosion test instructions 

158. Our ordinary corrosion tests are Nos. 1 and 2, as below. 
Test sprinklers exposed to corrosive influences by any or all of 
the following tests: 


First—Test any portion of the exposed fusible solder ye applying the 
point of a knife like a chisel. Note whether the solder will curl or twist 
as a chip. If the solder is brittle or crumbles and will not curl, the 
sprinklers have failed to pass the test. 

Second—Plunge the sprinkler into hot fluid approximately 50 degrees 
hotter than the theoretical fusing point of the sprinkler. Note if the 
sprinkler opens satisfactorily within 30 seconds. 


ere! ie = = 
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Third—Test sample sprinklers in this field in a japan oven, dry kiln or 
other factory hot box, allowing time at discretion and 50 degrees higher 
temperature than the theoretical fusing point of the heads. Note if 
sprinkler fuses properly. : 

Failure to pass any of the above tests may be taken as sufficient ground 
for requiring renewal of the sprinklers. Y 

For ordinary sprinklers No. 2 test does not require a thermometer, 
because boiling water is 50 degrees hotter than a 162 degree head. 

159. It must be borne in mind that corrosion sometimes se- 
riously affects solder, although the head may show very little 
injury. In other cases, the head may look very badly, but not be 


much injured. 


LOADING, 


160. Closely allied to corrosion is loading of sprinkler heads 
with materials such as paper pulp, drying oils, fibers, and dusts. 
Materials which harden when they absorb water are particularly 
to be feared. See Fig. 75. Loaded heads must be cleaned or 
replaced. 


HIGH DEGREE OR HARD SPRINKLERS 


161. In the ordinary, or low test, sprinklers, a fusible solder is 
used which melts at approximately 160°. This solder is com- 
posed of: Tin, 12 per cent.; lead, 25 per cent.; bismuth, 50 per 
cent.; cadmium, 13 per cent. The sprinkler companies are re- 
quired also to furnish high test heads, which will operate at 
approximately 212°, 286°, and 360°, making in all four types, so 
far as melting point is concerned. 

162. These so-called “high test” sprinklers should be marked 
with a distinctive color and new approved heads are so marked. 
An enamel paint is generally used, the ordinary or “low test” 
sprinklers not being painted. 

163, Intermediate degree heads are painted white, are marked 
212°, and are required to fuse between 200° and 225° Fahr. 

164. Hard degree heads are painted blue, are marked 275°, 
280°, 286°, and 300°, respectively, and are required to fuse between 
275° and 300° Fahr. 

165. Extra hard heads are painted red, are marked 360°, and 
are required to fuse between 360° and 400° Fahr. 

166. It is evident that the use of these high test heads is essen- 
tial in some locations, such as dry rooms, boiler rooms, etc., and 
it is found that there is some danger of the low test sprinkler 
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operating if located in the top of skylights, near steam pipes, or 
in other places where the temperature may be 30 deg. or 40 deg. 
above the normal. One rule provides that low test heads shall 
not be nearer than 30 inches above or 12 inches to one side of 
steam pipes. In some cases the high test head has been installed 
where it was not necessary and the protection thereby impaired. 
Furthermore, some of the older types of high test heads have been 
thoroughly unreliable as to their operating temperature and there 
have been several cases of failure of such heads. : 

167. If the temperature exceeds 110 deg., the 212 deg. sprin- 
kler should be used. Similarly it is desirable to allow a margin 
of about 50 deg. for the other high test heads, i.e.; use 285 deg. 
heads if temperature exceeds 235 deg., and 360 deg. heads if tem- 
perature exceeds 310 deg. 

168. The Grinnell Silica Bulb Sprinkler is set at 135 deg. for 
the regular or low test head. The high test heads of this type 
will be relatively lower in operating point than the solder type 
sprinkler. 


FIELD TESTS AND INSPECTIONS 


169. The National Fire Protection Association has published 
a manual.on Field Practice which contains information and sug- 
gestions with reference to the proper maintenance and care of 
fire protection apparatus and devices, including automatic sprin- 
klers. Some of the more important points are included here as 
being of interest. 


AUTOMATIC SPRINKLERS. 


170. When installed? Type? Approved? Corroded? Dirty 
or clogged? Clear space of 24 inches below level of sprinklers? 
Any portion not equipped with sprinklers such as closets, under 
benches, under stairs, etc.? Any changes in partitions or con- 
struction which would require more sprinklers or relocating the 
sprinklers? Any high degree sprinklers and if so where located? 

171. A supply of not less than six extra sprinklers of each 
temperature should be kept on hand, so that heads which are 
operated by fire or broken or damaged can immediately be re- 
placed. If any sprinklers show signs of corrosion or if condi- 
tion is otherwise questionable, samples should be removed and 


\ 
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sent to the Underwriters’ Laboratories, who will test them free 
of charge; ordinarily one dozen samples are desired. Sprinklers 
which have been painted, varnished, or otherwise changed from 
their original condition should be replaced with new sprinklers. 
This does not of course apply to sprinklers which have been 
coated to resist corrosion. 


SPRINKLER PIPING, FEED MAINS, AND RISERS. 


172. Is piping properly protected against mechanical injury? 
Is it used for support of clothing or goods of any kind? Badly 
corroded? : 

173. Piping should be securely supported. Building vibrations 
are liable to loosen supports. Serious water damage may follow 
a broken pipe or feed main. 


GATE VALVES. 


174. See page 483 for methods of preventing gate valves from 
being shut at times of fire outbreak. Are all gate valves labeled 
so as to designate what they control? Are they easily accessible? 
Clean? Oiled and easily operated? Strapped or sealed? Post 
indicator provided with wrenches? Are valves in pits well cared 
for and accessible? 

175. It is advisable completely to close and open all gate valves 
at least once a year so as to determine whether they are in 
operating conditions, and the valve stems should be oiled at the 
same time. Frequent tests are objectionable, in that there is 
greater danger of leakage at stuffing box. All valves including 
those underground should be plainly marked as to the direction 
in which they close. 


ALARM VALVES AND DRY VALVES. 
See Chapters 31 and 32. 


WATER FLOW TESTS. 


176. The efficiency of any water supply is determined by its 
ability to discharge a satisfactory volume of water under ade- 
quate pressure conditions. 

177, The normal or static pressure should be determined by 
means of pressure gages permanently connected to top of riser 
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and at bottom of riser above and below the alarm valve, dry 
valve, or gate valve, or on feed main at entrance to building. 

178. The pressures on these gages should frequently be -re- 
corded so that maximum and minimum as well as average con- 
ditions may be determined. 

179. The test pipe at top of system, when opened wide, should 
have little or no effect on the pressure at top of riser when the 
gage is attached directly to riser and not to test pipe. 

180. With gravity tank or private reservoir as a primary and 
automatic supply, the gage at top of riser should show a static 
pressure equivalent to height of water level above this point, 
assuming no drafting of water, and this pressure should be ap- 
proximately maintained with test pipe open. It is possible, how- 
ever, for pressure to be increased in system by water hammer 
or temporary excess pressure, and so maintained or “bottled up,” 
in which case there may be a material decrease in pressure when 
test pipe is opened, which lessened pressure will generally remain 
after test pipe is closed 

181. A minimum flowing pressure of I5 pounds at top of 
riser is considered satisfactory for good protection but 25 
pounds is better This means that water level in tank or reser- 
voir is not less than about 60 ft. above the top of riser. It is 
assumed that the top of riser is within two or three ft. of the 
level of top line sprinklers, otherwise these pressures should in- 
crease accordingly, having in mind that one pound is the equiva- 
lent of a difference in elevation of 2.3 ft. 

182, The standard 14-inch test pipe gives a relatively small 
flow (about equal to one sprinkler) and it is evident that a gate 
valve may be nearly closed or feed mains badly clogged and still 
have relatively little effect on flowing pressure with this small 
volume flowing. 

183. The two-inch drip pipe at base of riser or at alarm valve 
or dry valve is the simplest method for a satisfactory water flow 
test. The normal or static pressure at this point having been 
noted, and any excess pressure removed by opening and clos- 
ing the drip, it is possible to compare the static pressure with the 
NS pressure when the two- inch drip valve is opened wide. 
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The pressure gage should be attached directly to the riser, not 
to the drip pipe. 

184. The minimum advisable static pressure at the base of the 
riser, with all excess pressure removed, is about as follows: 


LestOLry. DUllding s.n5 ose siscisge le ae cra sieeioe 35 pounds. 
SSE OI aa DULL 11 8 ease rere. ssaysrals o acgcentg a ata) fometorae iets 45 pounds. 
eslOtye DUtlCINGs i <5 joteepaeicies evs +> oct ies ears = 60 pounds. 


185. This applies to water works or reservoir systems with 
large volume. Gravity tanks may give slightly less pressure and 
still be considered satisfactory, there being less or no danger of 
reducing the pressure materially at time of fire owing to hose 
streams or fire department using tank water. 

186. The minimum advisable flowing pressure with two-inch 
drip pipe open is about as follows: 


P-storyapullditioy aasmense. lariash deteees 25-30 pounds. 
B=storyae Dutldinge  ..c.ccc ci c-c.o.0ms owe cate ened 35-40 pounds. 
G=stOryaDuilding «. jx ezieese ts . ade cate ae 50 pounds. 


187. The flowing test is valuable as showing any important 
changes or variations in the water supply. For instance, if ordi- 
narily the pressure at bottom of riser drops from 75 to 65 pounds, 
and then on some test it drops to 50 or 40 pounds, there is prob- 
ably some undesirable condition which should be rectified. 

188. In making any water flow tests, care should be taken that 
alarm systems are given attention so as not to call apparatus or 
disturb employees. 

189. See Chapter 26 for pump and tank installation and 
operating points. - 


COMBINED HEATING AND SPRINKLER SYSTEM 


190. A few systems of this kind were installed some years ago 
but this practice seems to have been generally discontinued. The 
sprinkler lines were connected at the ends and a return pipe car- 
ried to a heater, the discharge from the heater being connected 
to the bottom of the main riser thus forming a circulating system. 
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191. The ordinary low temperature sprinkler was used and a 
small branch pipe used with each sprinkler, this pipe having a 
bend in which the water did not circulate. 

192. While systems of this nature do not seem to be undesirable 
from a fire protection standpoint, they did not apparently work 
out well from a heating standpoint, and additional heating units 
were quite generally used. 


GRINNELL SILICA BULB SPRINKLER 


Fic. 76. GriNNELL SILicA BuLB SPRINKLER 


193. This sprinkler was approved by the Underwriters’ Labo- 
ratories in 1922 and operates on an entirely different principle 
from all other approved sprinklers. In place of a strut of metal 
parts held together with soft solder, this sprinkler makes use of 
a capsule or bulb of silica (quartz) filled with a bronze liquid 
which expands on heat and ruptures the bulb. 

194, Silica as used in these sprinklers is a strong transparent 
material resembling glass in appearance but having very different 
properties. Its coefficient of expansion is so small that it may be 
heated to redness and plunged into cold water without injury. 
On this account bulbs made from it are free from cooling stresses 
and not subject to failure due to sudden temperature changes. 
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195. Silica is entirely unaffected by acids except that hydro- 
fluoric acid attacks it very slowly. Moisture does not readily 
condense on silica so that loading and encrustation in dusty loca- 
tions is not encouraged. 3 

196. The ordinary or low test Bulb sprinkler is designed to 
operate at 135 degrees F., and unlike the solder sprinkler is not 
affected by temperatures below the operating temperature. 
Quicker operation may be expected from the Bulb sprinkler. 

197. The Bulb sprinkler would seem to have advantages where 
there is danger of corrosion or loading as there is no solder or 
metal strut to be affected by vapor or dust. Where corrosive 
conditions are unusually severe the bronze metal frame and 
diaphragm can be coated or enamelled to prevent corrosion. 


PHOTOGRAPHS OF AUTOMATIC SPRINKLERS 


198. The approved types of sprinkler heads are shown in cross 
section in Figs. 77 to 81, and will be found alphabetically among 
the photographs Figs. 82 to 100. ‘ 

199. The photographs of sprinkler heads appearing in the 
following pages have proved of particular value to field men 
who have been called upon to pass judgment upon the reliability 
of sprinkler heads which they encountered in their examinations 
of plants. 


Automatic, Issue A. Central, Issue A. 
Fic. 77. Cross Section oF APPROVED SPRINKLER HEADs, 
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Globe, Issue C, 
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Hodgman, Issue A. 


Independent, Issue A. International, Issue B 
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Frc. 79. Cross SEcTIO? OVED SPRINKLER Heaps 
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Lapham, Issue B. 


Manufacturers, Issue C. Neracher, Improved 1902. 


Fic. 80. Cross SECTION OF pprovep SPRINKLER FEAaps, 
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; Reliable Issue B. 
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Rockwood, Issue D. { United States, Issue B. 


Fic. 81, Cross Section + Approven SPRINKLER Heaps, 
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ADKINS 2 AMERICAN 


ADKINS 1 
1895—(O. 
eae 1892—(O ) 


1895 -(0.) 


ASSOCIATE A ASSOCIATE B AUTOMATIC A 
1913—(A. G.) 1914—(A. G.-) 1921—A pproved 


ik i : <a 
BABCOCK BARNES 1 BARNES 2 
1900—(N. U.-) 1831—(0.) 1885—(O.) 
Fic. 82. AuTOMATIC SPRINKLERS. 


Notation: A—Formerly approved, but no longer manufactured; F—Fair; 
G—Good; L—No longer manufactured; N—Nearly obsolete; O—Obsolete; 


Q—OQuestionable; U—Unreliable. 
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BEECH 


1899—(L. U.) BISHOP 1 BISHOP 2 BISHOP 214 
English 1883—(O-) 1884—(O.) 1834—(0.) 

BISHOP 214 BISHOP 3 BISHO? 312 BISHOP 4 

1885—(O ) 1885—(0.) Ess7—{0) 1388—(O.) 


BROWN 1 ; 
1831—(0.) eee re 
1884—(O.) 1873-(0.) 


Fic. 83. AUTOMATIC SPRINKLERS, 
Notation: A—Formerly approved, but no longer manufactured; F—Fair; 
G—Good; L—No longer manufactured; N—Nearly obsolete; O—Obsolete; 
O—Ouestionable; U—Unreliable. 
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oe 2 BUELL 3 BUELL 4 
384—(0.) a, 1385—(O.) 


BUELL 5 BUELL 6 BURRITT 1 
1886—(O.) 1892—(O.) 1881 -(0.) 


74i5 BBS 


BURRITT 2 BURRITT 3 CATARACT A 
1882 -(O.) 1883—(0.) 1906—(L,. U-) 
Fic. 84. AUTOMATIC SPRINKLERS. 


Notation: A—Formerly approved, but no longer manufactured; F—Fair; 
G—Good; L—No longer manufactured; N—Nearly obsolete; O—Obsolete; 
Q—Ouestionable; U—Unreliable. 
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CATARACT B CENTRAL A CLAPP 1 
1907—(L. U.* 1921—Approved 1887—(0.) 


CLAPP 2 CLAYTON CROWDER A 
1290—(N. Q:) 1906—(O.) 1909—A pproved 


DRAPER 
r921—Approved 1884—(N_ U.) Differential 


Fic. 85. AuToMATIC SPRINKLERS. 


18S9—(N. U ) 


Notation: A—Formerly approved, but no longer manufactured; F—Fair; 
G—Good; L—No longer manufactured; N—Nearly obsolete; O—Obsolete; 
O—Questionable; U—Unreliable. 


Automatic Sprinkler Protection 511 


ESTY 1 ESTY 2 


' ESTY 3 
1395—(O-) 1895—(O-) 1895—(0.) 
Plain Corrugated Knob 


ESTY 4 


= ESTY 5 
1895—(0.) ESTY 414 1896—(L,. F.) 
1395—(L. U.) paring 


ESTY B EVANS B 


ESTY 6 - 
1903—(L. G:) deals 1914—(A. G-) 


Fic. 86. AuTOMATIC SPRINKLERS. 


Notation: A—Formerly approved, but no longer manufactured; F—Fair; 
G—Good; L—No longer manufactured; N—Nearly obsolete; O—Obsolete; 


Q—Questionable; U—Unreliable. 
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GARRETT 
1906—(L,. Q-) 


FOWLER 
1884—(O.) 


Se GLOBE B 
GARTH A GLOBE A 1914—(A G.) 


1914—Approved me 
by Mutuals 19th tag.) 
Canadian 


GLOBEC GRAY 1 GRAY 114 

1916—Approved 1884—(0.) (O.) 
Fic. 87. AUTOMATIC SPRINKLERS. 

Notation: A—Formerly approved, but no longer manufactured; F—Fair; 


G—Good; L—No longer manufactured; N—Nearly obsolete; O—Obsolete; 
O—Questionable; U—Unreliable. 
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~ GRINNELL A.B.C.D. GRINNELL 
GRAY 2 1882-1900—(L_ U ) 1890 - (0.) ; 
1886—(0.) Metal Disc Glass Disc—First Type 


GRINNELL 


GRINNELL 
1903—Approved SILICA BULB ESRN 
Glass Disc—Improved Approved — 1923 1835—(O.) 


HARKNESS 1 HARKNESS 2 HARKNESS 3 
Bey 1390 - (0) 
1387—(O ) L Joint Rect. Joint 


Fic. 88. AuToMATIC SPRINKLERS. 


Notation: A—Formerly approved, but no longer manufactured; F—Fair; 
G—Good; L—No longer manufactured; N—Nearly obsolete; O—Obsolete; 
Q—OQuestionable; U—Unreliable. 
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seers : HARRIS 
reeinine 1883 —(O.-) 


HIBBARD 2 
Lau 


1894—( 


HIBBARD 3 
1894—(L. U.) 


HARRISON 


13864—(0.) 
English 


HIBBARD 3A 
1898—(L. U.) 


HILL 
1I8S9—(L Q) 


anufactured; F—Fair; 


Sith x = 
HIBBARD 4 SAR 
HIBBARD H & I 
1901I—(L- Q.) 19LI—(A_ G.) 
Fic. 89. AUTOMATIC SPRINKLERS. 
Notation: A—Formerly approved, but no longer m 
G—Good; L 


O—Question 


—No longer manufactured; N—Nearly obsolete; O—Obsolete; 


able: U—Unreliable. 
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HODGMAN A HOFRM ln IDEAL A 
1921—Approved English 1914—(L,.) 


INDEPENDENT A INTERNATIONAL 1 INTERNATIONAL B 
1916—Approved 1900—(L, Q-) 1906—Approved 


JAHN JORDON W. KANE 1 
1391—(0.) 1835—(0.) 183t—(O.) 


Fic. 90. AUTOMATIC SPRINKLERS, 


‘Notation: A—Formerly approved, but no longer manufactured; F—Fair; 
~ G—Good; L—No longer manufactured; N—Nearly obsolete; O—Obsolete; 
_ Q—Questionable; U—Unreliable. 


= “ Pine “a 
ety a 
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W. KANE 2 W. KANE 3 W. KANE 4 


oo 992—(L. 0.) 
13S2—(O. 1888—(O.) 1892—(L. Q 
ie Bulb Root Perfection 


J, KANE 1 J, KANE 2 ae 
aa J. KANE 214 
1892—(I.. Q) 1892—(L,. Q.) 
Universal Universal 1892—{L.. Q-) 
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CHAPTER 30 


RULES AND REQUIREMENTS FOR AUTOMATIC 
SPRINKLER SYSTEMS 


1. The 1922 edition of the Rules and Requirements for Auto- 
matic Sprinkler ,Systems are reprinted in this chapter in full, 
except when portions are found in other chapters, in which case 
special reference will be made to points where rules can be found. 

2. The most important changes since the last edition of this 
Hand Book are with reference to Dry Systems. (See Chap. 32.) 


INTRODUCTION 


3. The rules contained herein cover the general details of a 
sprinkler equipment only. Before an equipment is installed, or 
before a present equipment is remodeled, complete working plans 
should be submitted for approval to the Inspection Department 
having jurisdiction. 

4, These plans should be drawn to an indicated scale; give cor- 
rect address and points of compass; show sectional elevations of 
the buildings; and the essential features of the construction, viz., 
size, location, and direction of joists, timbers or other structural 
members. They should also indicate the location and size of water 
supplies, connecting pipes, feed mains and risers, gate, check, 
alarm, and dry-pipe valves, as well as the location, spacing, num- 
ber, and type of sprinklers. 

5. Inspection Department having jurisdiction and the lists pub- 
lished by the Underwriters’ Laboratories should be consulted as to 
standard makes of automatic and open sprinklers, gate, check, 
alarm and dry-pipe valves, indicator posts, and hydrants. 

6. See also Sketches for Dry Pipe Valve Enclosures, separately 
published as a supplement to these regulations. Obtainable on 
application, 
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7. For regulations governing the installation of Fire Pumps, 
Gravity and Pressure Tanks, Valves, Indicator Posts, and Hy- 
drants, see separate publications of the National Board of Fire 
Underwriters and Underwriters’ Laboratories. 


SECTION A—GENERAL INFORMATION 


1. Preparation of Building—Many buildings require preparation for sprin- 
kler equipment. All needless ceiling sheathing, hollow siding, tops of 
high shelving, needless partitions or decks should be removed. Necessary 
“stops” to check draft, necessary new partitions, closets, decks, etc., 
should be put in place, or provided for, so that the equipment may con- 
form to same. The top flooring should be made thoroughly tight. Paper 
or similar light inflammable ceiling sheathing is objectionable and unneces- 
sary. (See Section B, Rule 13.) 


Authors’ Note—It must be distinctly borne in mind when a sprinkler 
system is installed, that account must be taken of the construction features 
of a building including any fixtures which may obstruct the distribution of 
water. To the same end, any changes in construction may require addition 
to or changes in the sprinkler systems, and the underwriters should be con- 
sulted in every case. 


2. Accessory Construction—Sprinkler equipments require accessory con- 
struction, dry-pipe valve closets, ladders, anti-freezing boxing for tank, 
pipes, etc. This work should be promptly attended to if not let with 
sprinkler contract. 

Authors’ Note—There is frequently a misunderstanding between the con- 
tractor and the property owner as regards carpenter work. It is generally 
left to the property owner which frequently means considerable outlay after 
the pipe system is finished. The underwriters should be consulted as to 
details and approved methods for all of this carpenter work. 


3. Vertical or Horizontal Drafts—Floor or wall openings tending to cre- 
ate vertical or horizontal drafts, or other structural defects that would pre- 
vent the prompt operation of automatic sprinklers by preventing the bank- 
ing up of the heated air from the fire, should be properly ‘‘ stopped” in 
order to permit specific control by the local sprinklers. 

Curtain-boards at least 12 inches deep or other horizontal draft-stops 
shall be provided to overcome such structural defects. See Fig. 1o1. 

Except in special cases the main feeders to sprinklers are only of suffi- 
cient size to supply the sprinklers on one floor, consequently it is abso- 
lutely essential that these requirements for protection of vertical shafts 
should be carried out in every detail, and where extraordinary conditions 
exist and there is likelihood of fire passing through unprotected openings, 
pipe sizes should be increased accordingly. 


Authors’ Note—Unprotected vertical openings are among the most serious 
defects, and if fire starts near same it almost always means the opening of 
a larger number of sprinklers, thus increasing the water and smoke damage 
and possibly overtaxing the water supplies. Curtain boards are of great 
value in large area, high studded rooms, or buildings. These should run 
across the building and extend down from the roof or ceiling as far as 
feasible. Preferably they should be of non-combustible material, such as 
sheet metal or wire lath and cement plaster. They should be placed from 
so to 100’ apart, the object being to confine the heat to a comparatively 
small area and prevent the opening of sprinklers at considerable distance 
from the fire. They also act as a temporary retardant making it less easy 
for fire quickly to spread the entire length of building. Pier warehouses 
and other large one-story buildings of similar type should have curtain 
boards and where the width is over 100’ curtain boards running parallel 
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with the width of the building are also desirable. In car houses curtain 
boards can be dropped from the roof or ceiling at every ofher space between 
tracks, these being constructed of expanded metal and cement and extend- 
ing to approximately the level of car roof. The aisle sprinklers can be 
located directly under such curtain boards and attached to same. 


4, Clear Space Below Sprinklers—Full effective action of sprinklers re- 
quires about 24 inches wholly clear space below the sprinklers, so that they 
may form an unbroken spray blanket from sprinkler to sprinkler and sides 
of room. Any stock piles, racks, or other obstructions interfering with 
such action are not permissible. Sprinkler piping should not be used for 
the support of stock, clothing, etc. 


eo UU" Covtare board 


Fic. ror. Curtain Boarps to BanK Heat AROUND SPRINKLER HEAD 


Authors’ Note—This is a very important matter. Water from sprinklers 
cannot be relied upon to control a fire if the distribution is impaired by 
cases or other obstructions piled around or near the sprinkler heads, 


5. Experienced Workmen Recommended—Sprinkler installation is a 
trade in itself. Inspectors cannot be expected to act as working superin- 
tendents, or correct errors of beginners. Sprinkler work should be en- 
trusted to none but fully experienced and responsible parties. 

Care must be taken that after pipes are cut they are properly reamed in 
order to remove all burrs and fins; also that threads are cut to standard 
so that joints will be properly made without obstructing waterway. In 
applying the joint compound, care should be taken to place it on the pipe 
and not the fitting. 
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All distributing pipes must be straightened before installation, in order 
to prevent pockets between hangers which would interfere with the proper 
drainage of the system. 


Authors’ Note—At the annual meeting of the National Fire Protection 
Association in 1903, the following resolution was adopted: 


Whereas, It has been the practice of the automatic sprinkler companies 
to sell sprinklers to be installed by others, and as this practice is growing 
to the detriment of reliable and satisfactory automatic sprinkler installa- 
tion; and 

Whereas, Our members have experienced much difficulty in having equip- 
ments properly installed, under such conditions, in accordance with our 
rules; be it 

Resolved, That it is the sentiment of the National Fire Protection As-. 
sociation that automatic sprinklers should be installed by the recognized 
automatic sprinkler companies, and should not be sold to be erected by 
those not experienced in the installation of an automatic sprinkler equip- 
ment, unless such installations be guaranteed to comply with the rules of 
the National Board of Fire Underwriters by the sprinkler company fur- 
nishing the devices installed. 


G6. All Portions of Buildings to be Protected—Experience teaches that 
sprinklers are often necessary where seemingly least needed. Their pro- 
tection is required not alone where a fire may begin, but also wherever any 
fire might extend, including wet or damp locations. 


Authors’ Note—The fallacy of attempting to pick out the places where a 
fire will or will not start has long been proven. Vacant basements, blind 
attics, concealed spaces, etc., etc., all need sprinkler protection. Two mills 
equipped with sprinklers were total losses due to the fact that fire orig- 
inated over the water in canal or tail race, and under the building, i.e., in 
a place where it was next to impossible for a fire to start. 


7. Degree of Protection—a maximum protection cannot be expected 
where sprinklers are at more or less permanent disadvantage, as in the 
case of stocks very susceptible to smoke and water damage, buildings hav- 
ing deep piles of hollow goods, excessive draughts, explosion or flash fire 
hazards, large amounts of benzine or similar fluids, or where long subject 
to low temperatures, as in refrigerator rooms. 

Inspection departments having jurisdiction shall be consulted as to the 
advisability of installin~ sprinklers where the application of water or flame 
and water to the contents may constitute a serious life or fire hazard, as 
in the manufacture or storage of quantities of aluminum powder, calcium 
carbide, calcium phosphide and metallic sodium, and potassium. The manu- 
facture and storage of such materials should be confined to specially cut- 
off and unsprinklered rooms or buildings of fire-resistive construction. It 
is also advisable to contne storage in quantities of quicklime, magnesium 
powder, and sodium peroxide to such rooms or buildings. 


Authors’ Note—It is also well to call attention to high-studded rooms 
where sprinklers may be at a considerable distance from the seat of the 
fire and where drafts may cause a large number of sprinklers to open. 
Buildings or rooms also exist where, owing to corrosive vapors, the sprin- 
klers and piping deteriorate, and although, as has been mentioned, this 
can be materially retarded by proper coatings, the protection is necessarily 
less dependable and frequent renewals at both piping and sprinklers may 
be necessary. (See Chapter 29 for efficiency of sprinklers in various 
classes of occupancy.) 
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8. Necessary Cut-offs—Sprinklers cannot be expected to keep out fire 
originating in unsprinklered territory. Stringent measures should be used 
to properly cut off all unsprinklered portions of buildings or exposures. 


Authors’ Note—For best protection all portions of the property should 
be equipped with sprinklers and there should be no openings into adjoining 
buildings which are not equipped. 


9. Communications—When a building fully equipped with sprinklers 
communicates with another not so equipped, the openings must be pro- 
tected by standard fire doors on both sides of the walls, one of which must 
be automatic. 


10. Protection Against Exposures—The danger of sprinkler protection 
being impaired by exposure fires should be reduced by providing at ex- 
posed openings one or more of the following: Shutters, wired glass, or 
open sprinkler protection. 


SECTION B—LOCATION OF AUTOMATIC 
SPRINKLERS 


11. Position of Sprinkler—Shall be located in an upright position. 

When construction or occupancy of a room or enclosure makes it prefer- 
able, permission may be given, except on dry-pipe systems, to locate 
sprinklers in a pendant position. 


Authors’ Note—When upright, the sprinkler and its fitting will not con- 
stitute a repository for sediment, can be entirely drained, and the pipe 
shields sprinkler against damage. On the other hand, it necessitates a 
lower position for the piping and care must be taken lest deflectors are 
located nearer the ceiling than allowed. 


12. Position of Deflectors—Sprinkler deflectors shall be parallel to ceil- 
ings, roofs, or the incline of stairs, but when installed in the peak of a 
pitched roof they shall be horizontal. Distance of deflectors trom ceilings 
of mill or other smooth construction, or bottom of joists of open joist con- 
struction, shall be not less than 3 inches nor more than 10 inches; 6 to 8 
inches is the best distance with average pressure and present types of 
sprinklers. Note particularly that the rule for distance refers to the 
deflector of the sprinkler. 

In the case of fire-resistive buildings, the distance between deflectors and 
ceilings may be increased where conditions warrant, i.e., under panel 
ceilings. In semi-mill or other unusual construction, consult the Inspec- 
tion Department having jurisdiction. 


Authors’ Note—Care should be taken to have the deflectors of sprinklers 
in the peak of a pitched roof a considerable distance from the rafters, but 
not exceeding 10 inches. Sprinkler distribution is at best at a disadvantage 
under open joists ceilings and commonly the deflectors are located too near 
the joists, being crowded upon ends of lines to the limit or in violation of 
the rules. 

A distance of some 6 inches would give the best results with the average 
type of sprinkler and water pressure. 


18. Detailed Locations—Sprinklers shall be placed throughout premises, 
including basement and lofts, under stairs, inside elevator wells, in belt, 
cable, pipe, gear, gear and pulley boxes, inside small enclosures, such as 
drying and heating boxes, tenter and dry-room enclosures, chutes, con- 
veyor trunks and all cupboards and closets unless they have tops entirely 
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open, and are so located that sprinklers can properly spray therein. Sprin- 
klers are not to be omitted in any room merely because it is damp, wet or 
of fire-resistive construction. (See also Section N, Railway Car Houses.) 


Special Pamphlets—(See also separately published Regulations for the 
torage, Handling, and Use of Pyroxylin Plastics in Factories Making Ar- 
ticles Therefrom, and the separately published Regulations governing the 
Production, Storage, and Handling of Nitro-Cellulose Motion Picture 
Films for Sprinkler Installation Under Conditions There Outlined.) 


Small Enclosures—Special instructions should be obtained from Inspec- 
tion Department having jurisdiction relative to placing sprinklers inside 
show windows, telephone booths, boxed machines, metal air ducts, venti- 
lators and concealed spaces, and under large shelves, benches, tables, over- 
head storage racks, platforms and similar water-sheds, and over electrical 
generating and transforming apparatus and switchboards. All combustible 
blind spaces in floors or ceilings where variation in pitch occurs shall be 
provided with sprinkler protection up to the point where a 4-inch clearance 
prevails between upper and lower joists. 


£ 


Decks—In connection with the foregoing, the following should govern: y 


Unless sprinklers are placed underneath, decks or galleries should not ex- 
ceed 42 inches in width, or be placed directly against walls or partitions. 
A 6-inch clearance shall be maintained, and the back of the gallery or 
deck should be framed in to keep stock clear of the opening. 


Fixtures—Fixtures should not exceed 5 feet in width, and where their 
width exceeds 30 inches should be bulkheaded with tight partitions; com- 
partments shall not be more than 5 feet deep, 8 feet long, and 3 feet high. 


Tables—Tables more than 42 inches in width and less than 54 feet in 
width should be provided with tight upright partitions not exceeding 8 
feet on ceters; tables wider than 54 feet should be provided with sprinkler 
protection underneath. 


Authors’ Note—Too much stress cannot be laid upon the vital impor-_ 
tance of thoroughly installing sprinklers within all enclosures. A fire 
within even a small enclosure may continue burning untouched by the 
spray from sprinklers on ceiling of a room and the heat evolved gradually 
opens up sprinkler after sprinkler, accomplishing an unnecessary water 
damage, if not overtaxing the water supply so that when fire finally breaks 
through, it may spread unchecked by the diminished sprinkler discharge. 

Special attention should always be called to benches, racks, or large 
tables, these being common in many classes of risk and frequently disre- 
garded so far as sprinkler protection is concerned. 


14, Protection of Vertical Shafts—In vertical shafts having inflammable 
sides, a sprinkler shall be provided within shaft for each 200 square feet 
of inflammable surface, in addition to sprinklers at tops of shafts. Such 
sprinklers should be installed at each floor when practicable, and always 
when shaft is trapped. 

Where practicable, sprinklers should be “staggered” at the alternate 
ee levels, particularly when only one sprinkler is installed at each floor 
evel. 


Authors’ Note—One sprinkler at the top of an elevator shaft will not 
protect its wall surfaces at stories beneath. Where there is not room for 
the heads within shaft on each floor, they should be located in enclosed 
offsets. ; f 

So far as top of elevator shaft is concerned one sprinkler of the ordinary 
type should suffice if shaft area is not over 64 square feet. If more than 
this it is preferable to use two or more ordinary sprinklers. The so-called 
“Jumbo” sprinkler is not recommended. 
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SECTION C—SPACING OF AUTOMATIC 
SPRINKLERS 


Note: For Railway Car Houses see Section N. 


15. Distance from Walls—The distance from wall or partition to first 
sprinkler shall not exceed one half the allowable distance between sprinklers 
in the same direction. Additional sprinklers may also be required in the 
narrow pockets formed by bay timbers or beams and wall. 
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Case A 


Fic. 102, MertHop or Spactnc SPRINKLER HEapDs 
Joisted 


Authors’ Note—It is deemed good practice to locate the heads even 
nearer to combustible walls and partitions. Furthermore, with staggered 
or other special spacing it may be desirable to locate certain sprinklers 
considerably nearer ti: wall than is called for by the above rule. 


16, Partitions or Other Obstructions—A line of sprinklers should be 
run on each side of the partition. Cutting holes through a partition to 
allow sprinklers on one side thereof to distribute water to the other side 
is not effectual. This rule applies to both solid and slatted partitions. 

ere no combustible material is stored close to the ceiling, the In- 
spection Department having jurisdiction may waive the requirement for 
providing extra sprinklers in narrow pockets formed by beams and parti- 
tions, where the construction is entirely fire-resistive, including the parti- 
tions. 

Heads should not be placed closer than 12 inches to uprights, ceiling 
blocking, hangers, or other obstructions. 
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17. Mill Construction—Under mill ceiling (smooth solid plank and tim- 
ber construction, 5 to 12 foot bays) one line of sprinklers should be placed 
in center of each bay and distance between the sprinklers on each line 
should not exceed the following: 


8 feet in 12 foot bays. 
9 feet in 11 foot bays. 
10 feet in 10 foot bays. 
1r feet in 9 foot bays. 
12 feet in 5 to 8 foot bays. 
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Case B. 
Fic. 103. MetHop oF SPACING SPRINKLER HEaps. 
(5’-0” x 20’-0” Fire Proof Bays.) 


Measurements should be taken from center to center of timbers. See 
Figs. 103, 104, and 105. 

Ceilings of modified mill construction having bays less than three feet 
should fe treated as open joist construction and sprinkler heads spaced 
accordingly. 

Bay timbers spaced three feet or more on centers, but less than five feet 
on centers, will require special ruling by the Inspection Department hav- 
ing jurisdiction. 


Authors’ Note—This rule defines a mill ceiling as one with 5 to 12 feet 
bays. That is, anything less than 5 feet is unprovided for and becomes a 
question of special ruling. Where bays are under 5 feet and a line of 
sprinklers is not run in each bay, but at ae angles to the timbers, the 
construction partakes of the nature of joisted construction, for the timbers 
obstruct the distribution. It would seem to be a fair ruling in such cases 
that sprinklers shall not be over 8 feet apart on the line (i. e., at right 
angles to timbers) and also they must be staggered spaced. 
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18. Joisted Construction (a) Open Joist—Under open finish joisted con- 
struction, ceilings, floors, decks, and roofs, the lines shall be run at right 
angles to the joists and the sprinklers *‘ staggered spaced,” so that heads 
will be opposite a point half wav between sprinklers on adjacent lines, and 
the distance between sprinklers not exceeding 8 feet at right angles to the 
joists or 10 feet parallel with joists; the end heads on alternate lines being 
not more than 2 teet from wall or partition. Also see Rule 15. 

Exception—An exception may be made to this rule if the conditions 
warrant, viz., special permission may be given to install but one line of 
sprinklers in bays 10 to 114 feet wide from center to center of the timbers 
which support the joists. In all cases where such bays are over 114 feet 
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Case C 
Fic. 104. MertHop or SpacinG SPRINKLER HEAaps 
(6’—0” x 20’-0” Fire Proof Bays) 


wide, two or more lines of sprinklers should be installed in each bay as 
required by the rules for spacing. This does not apply where beams are 
flush with the joists, in which case sprinklers may be spaced as called for 
in Rule 18. Where permission is given, the sprinklers should be placed 
closer together on a line so that in no case will the area covered by a 
single sprinkler exceed 80 square feet. Also see Rule 22. See Fig. ro2. 


Authors’. Note—The sprinkler pipes are run at right angles to the 
joists and the distance between the sprinklers on each line must not exceed 
8’, the distance between lines of sprinklers not to exceed 10’, this latter 
dimension being parallel with joists. The purpose of staggered spacing is 
to arrange sprinklers on alternate lines so that they will not discharge into 
the same joist channels, thus preventing fhe fire from spreading from one 
side of the roof to the other between joists. 

_ It is impossible to obtain as effective sprinkler protection under open 
joist as under ‘‘ mill” ceilings, the space between joists being to a large 
extent out of the reach of the water distributed by the sprinklers. Fire 
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once reaching these spaces, while checked by the sprinklers, has to be ex- 
tinguished by hand. Even under “ mill”’ ceilings, a sprinkler, as custo- 
marily located and under 25 pounds pressure, will not spray the ceiling 
except for a space about 3 feet in diameter. 

Owing to the fact that joisted construction needs close spacing, it is 
seldom advisable to allow the “exception ’’ mentioned above. A compro- 
mise measure is to allow one line in every other bay, instead of every bay, 
where bays are from io to 114 feet, this bringing the lines not over 8 feet 
apart. 


(b) Sheathed or Plastered Ceilings—Under smooth finish, sheathed or 
plastered ceilings, in bays © to 12 feet wide (measurement to be taken 
from center to center of timber, girder or other projection or support 
forming the bay), one line of sprinklers shall be placed in center of 
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each bay, and distance between the sprinklers on each line should not ex- 
ceed the following: 8 feet in 12 foot bays; 9 feet in rr foot bays; 10 feet 
in 6 to 10 foot bays. Bays in excess of 12 feet in width and less than 23 
feet in width should contain at least two lines of sprinklers; bays 23 feet 
in width or over should have the lines therein not over 10 feet apart. In 
bays in excess of 12 feet in width not more than 100 square feet ceiling 
area should be allotted any one sprinkler. ) 

This rule shall not be interpreted to permit a spacing of more than 10 
feet between sprinklers on a branch line. 


19. Pitched Roofs—Under a pitched roof sloping more steeply than 1 
foot in 3, sprinklers shall be located in peak of roof, and those on either 
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side of peak spaced according to above requirements. Distance between 
sprinklers should be measured on a line parallel with roof. Where the 
roof meets the floor line, sprinklers should be placed not over 34 feet from 
where roof timbers meet floor. 

Sprinklers not more than 24 feet distant each way from the peak of roof, 
measured on a line with the roof, may be used in lieu of sprinklers located 
in peak of roof as above. i 

Under saw-tooth roofs, end sprinklers on branch lines shall not be less 
than 1 foot nor more than 2} feet from the peaks of these roofs. 


Authors’ Note—It is difficult properly to protect with sprinklers a room 
having a pitch roof, particularly where the roof meets or comes close to 
the floor line. Heavy wire netting should be used at such points to pre- 
vent storage near eaves or around sprinklers. This netting should be fas- 
tened about two feet from the inside of roof boards parallel to the roof line. 
Pitch roof should properly be removed and a flat mill roof substituted. 


20. Fire-resistive Construction—The rules for slow-burning construction 
should apply as far as practicable. The rule may be modified, however, 
the intent being to arrange the spacing of sprinklers to protect the con- 
tents rather than the ceilings; but in no case shall the distance of a 
sprinkler on a line exceed 12 feet to a sprinkler on an adjoining line. 


21. Unusual Construction—Special instructions should be obtained from 
Inspection Department having jurisdiction relative to location of sprinklers 
under floors and roofs of semi-mill, panel, or other unusual construction 
which may interfere with distribution of water, and for which provision 
is not hereinbefore made. 

These types of construction are so varied that no absolute rules can be 
given to cover all cases. 

‘* Semi-mill’”’ is the term here applied to plank and timber construction 
with narrow bays generally Jess than 5 feet in width. 

‘* Panel’ construction is where the ceiling is divided by the timbers 
into panels or pockets. Narrow bay panels come under the head of 
““semi-mill ’”? construction, and may usually be protected in the same way. 

Sprinkler lines should usually run at right angles to the timbers, with 
heads staggered under alternate timbers, in alternate bays, or alternately 
under the timbers and in the bays, the arrangement depending on the width 
of the bay, the size of the timbers and the distance between supporting 
girders, as well as upon the occupancy and water pressure. 

Ordinarily, where the timbers are not larger than 6x 10 inches, the best 
distribution is obtained by placing the heads under the timbers. 

The distance between lines will depend somewhat upon the distance 
between the girders supporting the timbers, the number of lines in these 


transverse bays being governed largely by the distance between the heads 
on the lines. 


SECTION D—PIPE SIZES 


22. General Schedule—In no case should the number of sprinklers on a 


een size pipe on one floor of one fire section exceed the following (see 
able). 
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SPRINKLER PIPE SIZES 


Maximum Number of Heads Allowed. 


Original N.F.P.A. 


: ‘on* Standard 
caghol a ipe in Present Standard 1896 to 1905, Providence Steam 
ches. 1905 to Date, 1-2-4 System. and Gas Pipe Co. 


1-2-3 System. 1878 to 1896, 


1-3-6 System. 
General. | Branches. 

2 1 1 1 1 
1 a 2 2 3 
1} 3 4 4 6 
14 5 8 6 10 
2 10 16 8 18 
23 20 28 16 28 
3 36 48 28 48 
33 55 78 78 
t 80 110 115 
5 140 150 150 
6 200 200 200 


Where practicable, it is desirable to arrange the piping so that the num- 
ber of sprinklers on a branch line will not exceed eight. 

For Railway Car Houses see Section N. 

Where feed mains supply branch lines of only two sprinklers each, the 
conditions approach those of long single lines. Such feeds should usually 
be centrally supplied where there are over eight or ten branch lines. 
Lines up to fourteen in number may be fed from end, provided that 24-inch 
pipe does not supply more than sixteen sprinklers. 

Buildings having slatted floors, or large unprotected floor openings with- 
out approved stops, should be treated as one room with reference to the 
pipe sizes, and the feed main should be of sufficient size to accommodate 
the number of sprinklers'called for. Larger pipe sizes than called for in 
the schedule may be required wherever the construction or conditions intro- 
duce unusually long runs of pipe or many angles. Buildings with blind 
attics with small unprotected openings to floor below may be piped from 
the system on the ceiling of floor below, provided pipe size schedule is 
not overloaded on sizes 3 inches or under. 


Authors’ Note—The intent of the above is to regulate the number of 
sprinklers on a given sized pipe on one floor of a fire section. It is not 
intended to apply to feed mains or risers which may supply more than one 
floor or more than one fire section. For instance, a four-story building 
might need four hundred sprinklers; with a hundred on each floor this 
would require a five-inch riser. 

Where sprinklers are installed in an attic and where such sprinklers are 
supplied from the same piping which supplies sprinklers under the ceiling 
of the top story, the rules of some Inspection Departments require that 
every other head in the attic shall be sized in with the sprinklers in the 
story below. The Central Actuarial Bureau have issued the following 
schedule to cover this condition for pipe sizes up to and including 3 inch, 
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Across Center. 


Case E. 


(Unapproved.) 


Case F. End Side. 


(Unapproved.) 


Case G. Across End. 


(Unapproved. ) 


Center End. 


Case H. 


Side Center Across. 


Case I. 


Fic. 106. Varrous ARRANGEMENTS OF Fre 


ep Marns To AUTOMATIC SPRINKLERS, 


@® Shows a Riser. 


© Shows a Sprinkler. 
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In 1878 the Providence Steam & Gas Pipe Co., which for some years had 
been installing perforated pipes tor fire protection, adopted a schedule, 
which is the basis for all automatic sprinkler pipe schedules (see table). 

In time amendments were made locally so that there were many stand- 
ards in various parts of the country. In 1896 a conference (out of which 
grew the National Fire Protection Association) formulated a schedule which 
until 1905 was the generally accepted standard for the stock insurance 
organizations. In this standard the small pipe sizes were somewhat in- 
creased which has been shown by experience to be desirable (see table). 
This standard also provided for a branch line schedule. 

The old-fashioned ‘‘ Parmelee,” or “tree”? arrangement of piping, viz., 
a pipe with short branches to one sprinkler on either side, shall be con- 
strued as coming under this rule. 

This is penalizing the use of long branch lines, so that the tendency will 
be to arrange the piping in a manner affording less loss by friction. 

In 1905 the pipe size schedules were again revised and the present sched- 
ule adopted. This still further increased the small pipe sizes and also per- 
mitted a considerable less number of sprinklers on the 2” to 4” sizes. It 
would appear that the present schedule is liberal as to pipe sizes and fur- 
ther change if any may tend towards a decrease rather than a further in- 
crease in required size of pipes. 

In referring to the various pipe size schedules they are generally desig- 
nated as the 1-3-6 schedule, 1-2-4 schedule, and the 1-2-3 schedule (present 
standard), from the number of sprinklers allowed on the 3”, 1” and 13” 
pipe sizes. 


SECTION E—FEED MAINS AND RISERS 


23, Location of Risers—‘‘ Center central” or ‘“‘ side central” feed to 
sprinklers is recommended. The former is preferred, especially where there 
are over six sprinklers on a branch line. In high buildings, allowance must 
be made for frictional loss and sizes of risers increased accordingly. Risers 
should not be located close to windows, and should be properly protected 
from mechanical injury or a possible freezing. 


Authors’ Note—The object is to pace all sprinklers near the larger sized 
supply pipe and thus allow the distribution of water from the various 
sprinklers to be more uniform. Various methods which have been used are 
shown in cases ‘‘a” to ‘i’ in Fig. 106. Methods shown in cases “ f,” 
“9.” and “‘h”’ are considered as unapproved. Methods shown in cases 
and ‘‘i’’ would generally be undesirable because of the long branch 
lines. The same thing might be true of case ‘“‘c’’ with average buildings. 
a’’ shows the best method and one that is generally feasible 

24, Supporting of Risers—Risers should be properly supported. In 
buildings of heavy construction and where riser is not supported at the 
ground level, floor plates or clamps and pipe couplings should be provided 
at the first (ground) floor level, and also at every fourth floor above same, 
where a building is over five stories in height, except that in buildings nine 
: ne stories high no floor plate nor coupling would be needed above the 

t oor. 

This would call for such supports at the first (ground) and fifth floors in 
a building seven to ten stories high, and floor plates and couplings at the 
first (ground), fifth, and ninth floors in buildings eleven to fourteen stories 
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high, ge In buildings of Tight construction, additional supports will be 
neede 

Where risers are supported at the ground level, provide such supports at 
every fourth floor above same. 

In lieu of floor plates and couplings as called for above, extra hangers 
near the risers and so arranged as to properly support the weight may be 
accepted. 

Where sprinkler risers, or those from tanks, are in vertical shafts, they 
should be supported equivalent to the above. 

Where risers, drains, heating pipes, etc., pass through cinder concrete, 
a sleeve or other suitable means should be provided to prevent corrosion. 
Neat cement or seven per cent. lime mortar around the pipe will protect 
same. 


Authors’ Note—There have been several breaks followed by serious water 
damage, owing to poorly supported risers or feed mains. 


25. Size of Risers—There should be one or more separate risers in each 
building and in each section of the building divided by fire walls. Each 
riser should be of sufficient size to supply all the sprinklers on said riser on 
any one floor, as determined by the standard schedule of pipe sizes. If the 
conditions warrant, special permission will be granted allowing the sprin- 
klers in a fire section of small area to be fed from the riser in another 
section. 

Stair or other towers without approved stops between floors, if piped on 
independent riser, should be treated as one room with reference to pipe 
sizes, i.e., feed main should be of sufficient size to accommodate the total 
number of sprinklers. 


Authors’ Note—The sprinkler system was originally and is today largely 
planned on the assumption that there are no openings between floors, and 
that for a time the fire and heat will be confined where originating, allow- 
ing the control of the fire by the nearest sprinklers if at all. 


26. Connections to Systems—AI] main water supplies should connect 
with sprinkler system at foot of riser, but systems with both pressure and 
gravity tank supplies, where air lock is liable to develop, shall have gravity 
tank discharge connected into dead riser 4o feet below the bottom of the 
pressure tank. 


Exception: Where a gravity or pressure tank or both, constitute the only 


automatic source of water supply, special permission may be given to 
connect the tank or tanks with -the sprinkler system at the top of the 
riser, provided lower level control to several fire sections is not required. 

The connection between the wrought and cast pipe from underground 
— should preferably be flange and spigot pipe properly strapped to- 
gether. 

Where bell and spigot pipe is used, the wrought and cast pipes should 
be properly strapped together. A flanged connection should be used on 
the wrought pipe and not simply clamps with set-screws. (See Rule 1o1, 
on Clamps.) Straps or rods, if to be buried, should be protected against 
corrosion by painting with tar, asphaltum, or by other suitable means. 
Where practicable, connections should run underground to the foot of the 
riser; but in any event, the cast pipe should extend above ground, and 
no cinders or other corrosive material should be placed against either pipe. — 
See rule 27. 

Where there is but one fire area no underground pipe should ordinarily 
be required. 

Note—The Sprinkler Committee recommended that where the discharge 
pipes are not changed in existing pressure and gravity tank equipments, 
the water line be raised to a point equal to 1.4 times the radius of the 
tank above the bottom and that the normal working air pressure be re- 
duced to 60 pounds. 

Authors’ Note—The purpose of this rule is first, to have all water sup- 
plies connect to sprinkler system at one point, namely, base of feed pipe or 
risers, this so that a single valve may be located at this point controlling 
all water supplies. Furthermore, it is desirable to have this valve easily and 
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quickly accessible which would more likely be the case if located in yard 
or basement than if on top floor. bbe : 

Horizontal feeders to risers where inside of building and hung from 
floors should be as short as possible. Because of expense the tendency is 
to run this large pipe overhead rather than underground, thus increasing 
the chances of crippling the system. 


27. Protection Against Frost—See Fig. 107. Where supply pipes 
or risers in low basements or low spaces under ground floors are exposed 
to frost, they should be properly protected. An acceptable method, es- 
pecially where the space is over 18 inches high, is by an enclosure prop- 
erly heated or filled with heavy earth or other suitable material, such as 
mineral wool or sawdust. Enclosure should extend below bottom of pipe 
and through the top flooring of ground floor. In severe climates, where 
space is filled, the enclosure should be of sufficient size to permit of a 
filling of not less than four (4) feet, all sides around the pipe. Enclosure 
Sala preferably be of brick, but may be of wood, and if the latter, should 
be at least double with tar-paper between. Where the space is not more 
than 18 inches high, the Hooring of ground floor may be cut away and the 
space around the pipe enclosed according to either of the above methods, 
but the area may be reduced so that there will be not less than one (1) 
foot clear space all sides around the pipe, thus exposing pipe to the heated 
room above. Opening at floor lével should not be covered except by a 
metal grid. 

In any case where wood is used, it should be of a kind that will endure 
underground, and in addition should be treated with creosote or other ac- 
ceptable preservative. 

Care should be taken in laying the underground connection to extend it 
sufficiently far into the building to give the required spaces called for 
above, the pipe to be offset, if desired, at or above the floor level. 

The laying of connections in raceways exposed to frost should be avoided, 
owing to the difficulty of protecting the pipe near the surface and in the 
space between the surtace of the water and the floor of the building. Such 
connections, if they cannot be avoided, should go through the wall of the 
race below the frost line, and enter the building through the solid ground, 
and far enough back from the side of the race to avoid frost. 


SECTION F—VALVES AND FITTINGS 


28. Types of Valves to be Used—All valves on connections to water 
supplies and in supply pipes to sprinklers should be standard outside screw 
and yoke or other standard indicator pattern. 

Underground gate valves of standard pattern equipped with standard 
indicator posts fulhll this rule. 

Drip and/or test valves should be of a standard type. 

Check valves should be of a standard straight-way pattern, and installed 
in horizontal pipe, unless suitably designed for vertical position. 


Authors’ Note—Globe gate or combination gate and check valves are not 
approved. Check valves with leather or rubber seats or discs are not rec- 
ommended, the metal to metal pattern being generally considered to be the 
most reliable. 


29, Valves in Connection to Water Supply—Check valves shall be in- 
stalled in all sources of supply, except where cushion tanks are used in 
connection with automatic fire pumps, in which case no check valve should 
be required in the cushion tank connection. Gate valves shall be required 
on each side of each check valve, except as noted. No gate valves shall 
be installed in Fire Department connections. Where gravity tank is lo- 
cated on a tower in yard, valve on tank side of check should be of the 
O. S. & Y. type; other valve may of O. S. & Y. or P. I. V. pattern. 
Where gravity tank is located on ton of building, these valves may be of 
the O. 5S. & Y. type. Where city main serves as one source of supply, 
control gate on each side of check should also be required; ie., city gate 
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and O. S. & Y. or Post Indicator on the system side of city connection. 
Where a pressure tank serves as one source of supply and the other supply 
is either a connection to city main or fire pump, an O. S. & Y. gate 
should be required on each side of pressure tank check. Where gravity 
and pressure tanks are installed as the only source of supply, control gates 
should be required on each side of gravity tank check only; gate valve in 
pressure tank connection shall be installed between check and tank, and 
shall be flanged to pressure tank nozzle. Where gravity tanks are lo- 
cated above roofs of buildings, all fittings inside of the buildings except 
the drain tee, shall be under contro) of a gate valve. All Fire Department 
connections shall be connected with systems on the discharge side of all 
city control gates. The check valve should be located as far as possible - 
from source of supply, preferably underground. 


. 

30. Check or Gate Valve on Pump or Tank Discharge—When a pump, 
not located in a non-combustibie pump house, or exposed to danger from 
fire or falling walls, or a tank discharges into a yard main fed by another 
supply, a check valve or post gate valve should be placed in this discharge 
Pipe at a safe distance outside the building, underground. 

Check valves on tank or pump connections may be placed inside of 
buildings when located underground and at a safe distance from the tank 
riser or pump, except in cases where the building is entirely of one fire 
area, in which cases it should ordinarily be considered satisfactory to locate 
the check valve overhead in the lowest level. 


31. Valves in Supply Pipes to Sprinklers—Each system shall be pro- 
vided with a gate valve so located as to control all sources of water supply 
except that from fire department connections. All gate valves controlling 
water supplies for sprinklers should be located where readily accessible. 

Floor valves may be required in special cases where area or height or 
number of tenants is excessive both in manufacturing and mercantile build- 
ings, or where contents are more than ordinarily susceptible to damage 
such as in department stores and drug stocks. 

When floor valves are used it is desirable to locate them so that they 
may be readily accessible in case of fire, as in stair towers, etc. 

Where valves are not within easy access from ground or floor level, 
permanent ladders, clamped treads on risers, chains and wheels, or other 
means satisfactory to the Inspection Department having jurisdiction, should 
be provided. 


Authors’ Note—To prevent water damage it is necessary to be able 
quickly to shut off water supply. The system should, therefore, be so ar- 
ranged that one gate valve controls all supplies and this gate valve should 
be always accessible. . 

It will be noted, that no provision is made in the rules for auxiliary gate 
valves, such as floor valves or valves controlling small sections. In some 
classes of risks such valves may be desirable or perhaps even necessary but 
generally the fewer valves the better, that there may be less chance of a 
valve being closed accidentally or otherwise. A multiplicity of valves leads 
to complications. Closed gate valves are the greatest menace to sprinkler 
protection and, while the danger of a closed gate valve may not be in direct 
proportion to the number of valves, it is nevertheless to a considerable 
degree influenced by this factor. Even with stocks of goods easily dam- 
aged by water, it is generally better to have one valve controlling all 
of the sprinklers in the building rather than valves on each floor. Experi- 
ence has shown that the simpler the system and the fewer valves, the less 
danger of the system being out of commission, and, furthermore, the system 
is easily understood and there is less danger of shutting the wrong valve 
after the fire is out. The best arrangement is undoubtedly that of a single 
post gate valve outside controlling all the sprinklers in the building with 
no inside gates. 

All gate valves controlline water supplies to sprinklers should be easily 
accessible. This means keeping stock or_goods away from the valve and 
having an open unobstructed passage. Furthermore, if valve is located 
above the reach of an ordinary person a stationary ladder should be pro- 


Lee vided. 
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Gate valves should have signs and labels so as clearly to designate the 
section or water supplies which they control. 


$2, Indicator Posts for Gate Valves—Where sprinklers are supplied from 
yard main, place, if possible, a standard outside post indicator gate valve 
in connecting pipe at safe distance trom building. 

Post indicator valves should, if possible, be located not less than 40 feet 
from buildings; but where necessary to place a valve close to a building, 
it should be located between windows or at a blank part of wall. 


Authors’ Note—The outside post gate is in many instances the best and 
only necessary water supply control for sprinklers. While in many cases 
an inside gate valve is installed in addition to the post gate, this increases 
the chances for water being shut off accidentally and furthermore in such 
cases the less accessible inside valve is generally closed and in case of fire 
it may be impossible to reach valve and turn on the water. 

Outside control for sprinklers in various fire sections is of great value 
as it allows the shutting off of sprinklers in one section and maintaining 
the protection in the other sections. 

Many of the older types of post indicators are defective, some im- 


.provements found in the standard type being as follows: Porcelain bushed 


drips; rods, securely fastened to valve; frost-proof case; large hand 
wheel with provisions for fastening open by chain or leather strap and 
padlock; provisions for oiling, also, of course, reliable mechanism for movy- 
ing the target or indicator. It is noted that sometimes a right-hand indi- 
cator will be placed on a left-hand gate or vice versa. Also rods become 
unfastened so that gate remains closed while indicator shows open. 


33. Pit for Underground Check Valves—Where not in pits, the location 
should be properly marked by some permanent marking. Where in pits, 
the pits should conform to the National Fire Protection Association stand- 
ard, and should be of ample size to permit of easy access to the valve for 
examination and repairs. 


Authors’ Note—Owing to the expense of pits it is questionable if they 
should always be required. It is, however, of vital importance to be 
able definitely to locate the check valve as for instance by a permanent 
mark on building wall. Check valves are sometimes found obstructed so 
that they cannot be closed, and the object for which they are installed is 
temporarily defeated. They need to be cleaned and repaired occasionally, 
and for this reason should be located where easy of access. 


34. Securing and Marking—All gate valves in supply pipes to automatic 
sprinklers, whether or not of indicator or post pattern, should be kept 
secured open in a standard manner. 

_All control gates shall be plainly marked indicating the section or por- 
tion controlled. 


Authors’ Note—A large proportion of so-called sprinkler failures are due 
to closed gate valves. A properly maintained system of strapping or seal- 
ing valves is the best safeguard against closed valves. A light leather 
strap with a ring riveted at each end, the rings being padlocked together, 
forms a simple and effective method. The strap can be easily cut if neces- 
sary. Padlocks should have common keys kept by responsible parties, such 
as engineer, or whoever is in charge of fire appliances. Where valves are 
to be used only in case of repairs, and do not come under the head of es- 
sential sprinkler controlling valves, they should be locked and chained 
open rather than strapped, as an additional safeguard against tampering. 
Such valves would include city inlet valves, valves under tanks, valves at 
bottom of risers where there is a post gate or similar outside control, 
branch valves, and valves in pump suction. See also Supervision and 
Care of Valves, page 483. 


35, Fittings—Extra heavy fittings should be employed where the normal 
pressure in the pipe system exceeds one hundred and fifty pounds. 

All re and pipes shall have threads cut to standard, and care should 
be taken that the pipe does not extend into fitting sufficiently to reduce 
the waterway, 
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Long turn fittings shall be required for all supply mains 2} inches and 
larger except where there is a reduction of 1 inch or more in size. Long 
turn fittings in risers shall be flanged at one end. 

Couplings—Couplings shall not be used except where it is practically 
unavoidable. 

The use of any considerable number of couplings in an equipment is 
considered as prima facie evidence of poor workmanship. 

Reducers—A one-piece reducing fitting of good design shall be used 
wherever a change is made in the size of pipe. Bushings shall not be used 
for reducting the size of the openings of fittings. 

Authors’ Note—Long turn fittings are more needed in small than large 
sizes as far as loss by friction is concerned, but are not required in either. 
Their use in many places, as at the riser, gives the equipment a better 
appearance. 

36. Hangers—Hangers shall be of an approved type and either round 
wrought-iron **U” (factory made and bent hot), malleable cast-iron ring 
clip, or other adjustable patterns. 

Wrought-iron hangers are preferable to cast-iron, and “ U” hangers are 
for this reason best where their use is possible. 

Flat-iron *"U“’ hangers may be accepted, provided the thickness of the 
metal be in no case less than 3/16-inch, and of sufficient width to allow 
plenty of metal each side of the screw holes. 

Srews and Rods—Wood screws for adjustable clip hangers should not 
be smaller than No. 17, and must penetrate ceiling Geant or joist at least 
14 inches. For 2-inch pipes and smaller two screws should pe used, and 
for larger pipes four screws should be used. 

The size of rod and screws for hangers should be as given in the follow- 
ing tables: 


Size of Size Size of 
Size of Size of Single Rod of Drive Coach 
Pipe . Rod if Threaded Screws Screws 
p 
Ata” 5/16” a No. 116. x:2!/ 

a” g// ” 1” 
2} ie i, j ra 3h" 
3h” 7/16” 4" % x 23 

: 7/16" : 1x3 
en 9/6" f, a - 3» 
8” ” $s” & x ats 


Drive screws should be used only in a horizontal position as in the side 
of a beam. f ; 

Screws in the side of a timber or joist should not be less than 24 inches 
from the lower edge, when supporting branch lines. A greater distance is 
desirable for larger pipes. ‘ ; 

Position of Hangers—Hangers should not be near enough to sprinklers 
to obstruct distribution of water. Ordinarily, they should not be nearer 
than 12 inches from sprinkler, except in the case of round iron hangers, 
where a space of not less than 3 inches may be permitted under ceilings 
of ‘ fire-resistive ”’ and * slow-burning ” construction. ; 

The 3-inch pipe at the end of all branch lines when over 6 feet in length 
shall have two hangers. 

For concrete construction: Where expansion bolts are used, they should 
be of a type satisfactory to the Inspection Department having jurisdiction, 
and if possible installed in a horizontal position. 

Where pipes are run through concrete beamis, the sleeves should be large 
enough to accommodate pipe at least two (PRLeS larger than it is intended 
to install. f 

37. Drip Pipes—Drip or drain pipes should be provided to drain off all 
parts of the system. Drip or drain pipes at the main risers shall not be 


smaller than 2 inches, and where such drain pipes ar. buried underground, 
galvanized iron pipes should be used, and when exposed to the weather 
_ shou 
ice. 


Id be fitted with hood or down-turned e:bow to prevent stoppage with 


- 
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i ipes shall be so arranged as not to expose any part of the sprin- 
a el to frost, and so connected, either by check valves or other 
means, that they will not overflow yen service or other connections 
m be to the same sewer or drain. 7 
Bee for small sections shut off in winter shall be located in a warm 
room or below frost, so as to drain all portions of pipe where freezing 
can occur. P ; ; ‘ 

Drain, drip, or draw-off pipes shall not terminate in blind spaces under 
the buildings. The water from these washes the soil away, exposing the 
supply pipe and may undermine the structure protecting the pipe. 

Cold air enters draw-off pipes and may cause freezing of the valves. _ 

All drips should have at least 4 feet of pipe beyond valve exposed in 
the warm room. : ‘ f 4 ‘ 

Fig. 120 shows ball drip, useful in a number of ways in connection with 
sprinkler systems. 

See also Section G, Alarm System. 

Authors’ Note—Many drip pipes are found “frozen up” during cold 
weather. Cause: Leaky or partly closed valve, pipe improperly pitched. 
Result: Pipe stopped up, no way quickly to drain system. 


38. Drainage—All sprinkler pipe and fittings shall be so installed that 
they can be thoroughly drained, and, where practicable, all piping should 
be arranged to drain at the main drips. On wet-pipe systems the hori- 
zontal branch pipes shall be pitched not less than }-inch in 10 feet. (See 
also Section H, Rule 48.) ; : 

All trapped heads in excess of 20 on wet systems will require a sepa- 
rate drain valve and drain connection; 20 or less heads will require the 
installation of composition drain plugs. Limit the extra drips to as small 
a number as possible. 


39. Test Pipes—System—On wet systems a test pipe of not less than 
#inch in diameter shall be connected directly with each system (but shall 
be connected to a pipe of not less than 2} inches diameter) in upper story 
and arranged to discharge, through a 4-inch brass outlet, preferably to a 
point where it can readily be seen. With long runs or many angles, size 
of test pipe should be increased to 1 inch or larger. Controlling valve 
should be located at a sufficient distance from where the test pipe passes 
through the wall of the building so as to reduce to a minimum the chance 
of freezing of water in test pipe. 

Drain test connection shall be made to a down spout or drain line. 
The practice of discharging test water in alleys or other places where 
damage to property is possible is not permissible. 

Water Supplies—It is very essential that either drains or test pipes should 
be provided so that proper ttowing tests may be made to determine if the 
water supplies and/or the connections from yard mains to inside of build- 
ings are in order. Any such drain or test pipe should be not less than 2 
inches in size, and so installed that the controlling valves may be opened 
wide for a sufficient time to assure a proper test without overflowing any 
service connections there may be to the same drain, or cause any water 
damage. A pressure gauge should be installed in each case; connection 
for it should not be less than }-inch in size, controlled by a valve with 
arrangements for draining, and located on the main pipe and not on the 
drain or test pipe. On a wet system, where the controlling valves and 
drains may be located in a detached pit or valve house, test pipes should 
be provided inside of the buildings on the various connections to the sprin- 
kler system. The Inspection Department having jurisdiction should deter- 
mine the method to be used in each case. See illustrations for various 
types of test pipes, and alsowRule 40. 

Dry-pipe Systems—Sec Section H, Rule 56. 


40. Pressure Gauges—A standard make, 4}-inch dial, spring pressure 
gauge shall be connected with the discharge pipe from each water supply, 
Peeing each connecting pipe from public waterworks, and also as fol- 
ows: 
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bo each sprinkler system above and below the alarm check or dry-pipe 
valve. 

At the air pump supplying the pressure tank. 

At the pressure tank. 

In each independent pipe from air supply to dry-pipe systems. 

At test pipes as above, Kule 39. 

Gauges shall have a maximum limit equivalent to twice the normal 
working pressure where installed. Should also be connected direct with 
riser, but with sufficient clearance to permit of easy removal, connection 
being tapped into urain tee, preferably opposite the drainpipe, but not on, 
drainpipe. Gauges should be located in a suitable place and where water 
will not freeze. Each should be controlled by a valve with arrangement 
to drain. A plugged outlet should be located between each valve and 
gauge, for the purpose of installing the inspector’s. gauge, size to be not 
less than as noted in Rule 39. 

This rule shall not apply to the discharge pipes from gravity and pres- 
sure tanks. 


SECTION G—ALARM SYSTEMS 


Rules 41 to 46 inclusive will be found reproduced in Chap- 
ter 31 Alarm Valves for Automatic Sprinkler Systems. 


SECTION H—DRY-PIPE SYSTEM AND 
FITTINGS 


Rules 47 to 60 inclusive will be found reproduced in Chap- 
ter 32 on Dry Valves for Automatic Sprinkler Systems. 


SECTION I—WATER SUPPLIES 


61. Double Supply—For a standard equipment two independent supplies 
are required. At least one ot the supplies should be automatic and one 
capable of furnishing water under heavy pressure. The choice of water 
supplies for each a should be determined by the Inspection De- 
partment having jurisdiction. : 


Authors’ Note—For general discussion of water supplies and for detailed 
information regarding the various types of supplies covered in Section I, 
see Chapter 26 on Water Supply for Private Protection. 


62, Public Water (except high pressure systems; also applicable to pri- 
vate reservoir and standpipe systems)—One or more connections from a 
reliable public water system of good pressure and adequate capacity fur- 
nishes an ideal “ primary supply.’’ A high static water pressure should 
not, however, be a criterion by which the efficiency of the supply is de- 
termined. The supply should give not less than 25 pounds static pressure 
at all hours of the day at highest line of sprinklers, and also be satisfactory 
to the Inspection Department having jurisdiction in its ability to main- 
tain 10 pounds pressure at highest sprinklers, with the water flowing 
through the number of sprinklers judged liable to be opened by a fire at 
any one time. Street mains should be of ample size, in no case smaller 
than’ 6.inches. Dead end mains should be ‘avoided if possible by arrang- 
ing main to be fed both ways. No pressure regulating valve should be 
used in water supply for sprinklers, except by special permission of In- 
spection Department having jurisdiction, and where meters are used they 
should be of.a standard type. .. - whee 

Where connections are made from public waterworks systems, it is often 
desirable to have double check valves. Only check valves of special design 

and standardized for this purpose should be used. 
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c ection E, Rule 26. 5 

apse to public waterworks systems should, where feasible, be 
controlled by post indicator valves of a standard type and located not less 
than 4o feet trom the buildings protected; or, if this cannot be done, 
placed where they will be readily accessible in case of fire and not liable 
to injury. See Rules 26, 27, 29, 31, 32, and 103. Where post indicator 
valves cannot readily be used, as in a city block, underground gates should 
conform to the above as far as possible and their locations and direction 
to open be plainly marked on the buildings. é } ; 

Connections for domestic or standpipe use over 2 inches in size should 
conform to the above. ? ¢ ; 

All post indicator valves should be plainly marked with the service they 
control. . y 

For the construction and installation of the following devices, see special 
pamphlets issued by the National Board of Fire Underwriters: 


Steam Fire Pumps. 
Rotary Fire Pumps. 
Centrifugal Fire Pumps. 
Gasoline Fire Pumps. 
Tanks and Supports. 


63. Pumps—A well-located fire pump is, under most conditions, the most 
satisfactory source of the “secondary supply,’ as with ample water supply 
it is capable of maintaining a high pressure over a long period of time. 

The capacity of the pumping plant, the kind of pump and its source of 
water supply, should be determined by conditions, and should be the sub- 
ject of special consideration in each case by the Inspection Department 
having jurisdiction. The capacity of pump should never be less than 500 
gallons per minute when it supplies sprinklers only, and not less than 750 
gallons when it supplies hydrants also, 


64, Tanks—Gravity—The capacity and elevation should be determined 
by the Inspection Department having jurisdiction; but where a tank is 
also drawn upon for hose streams it should not be of less than 30,000 
gallons capacity, and should preferably be installed with the bottom not 
less than 75 teet above the yard level. In any case the bottom of the 
tank should be at least 20 feet above the highest sprinklers. 


Tanks—Pressure—Capacity of tank should be specified by the Inspection 
Department having jurisdiction, but should be not less than 4,500 gallons 
total capacity, except by special permission, and tank should not be located 
below the upper story of building, and should be used as a supply to auto- 
matic sprinklers and hand hose only. (See ‘ection K, Rule ae 


_ 65. Penstocks or Flumes—Where connections are made from. these, 
either as a direct supply to automatic sprinklers or as a suction for fire 
pumps, they should be arranged to avoid mud and sediment. Connection 
should also be provided with double removable screens installed to the re- 
quirements of the Inspection Department having jurisdiction. Where 
double connections are made from rivers or lakes they should be provided 
with removable screens similar to those for pump suction. 


66. Size of Connection—Connection from water supply or main pipe 
system to sprinkler riser should be equal to or larger in size than the riser. 
Connections for domestic use should not be taken from the fire system. 
Sec also Section E, Rule 26, and Underground Pipes, Section M. 


SECTION J—FIRE DEPARTMENT CONNECTIONS 


Rules 67 to 72 inclusive will be found reproduced under 
heading of Fire Department Connections in Chapter 26 on 
Water Supply for Private Protection. 


\ 
A 
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SECTION K—MISCELLANEOUS RULES 


73. Circulation in Pipes—Circulation of water in sprinkler pipes is very 
objectionable, owing to greatly increased corrosion, deposit of sediment, 
and condensation drip from pipes; sprinkler pipes aot to be used in any 
way for domestic service. 


74. Painting, Whitewashing, or Bronzing—Where pipes are painted, 
whitewashed or bronzed for appearance, the moving parts of sprinkler 
heads should not be so coated. The heads should be carefully protected 
with small paper bags when building is being decorated, which bags 
should be removed immediately upon completion of decorations. 


75. Protection of Pipes and Sprinklers Against Corrosion—In places 
where chemical fumes or much moisture is present, sprinkler pipes, hangers 
and heads should be protected against corrosion, method to be determined 
by the Inspection Department having jurisdiction; but the followine are 
recommended : 

Protection of Pipes—Where subject to corrosive influences, sprinkler 
piping and fittings should be thoroughly protected. 

In some places it will be satistactory to paint annually with red 1ead 


' and linseed oil paint, this usually giving sufficient protection when exposed 


PAY 


to moisture only. 

When chemical fumes are present, the piping should be coated with 
some good chemical-resistive paint which should be in itself chemically 
anert and at the same time form a good bond with the exterior of the pipe. 
Extra care should pve used in applying such paint; 1t should not be applied 
on a damp day, nor upon damp or cold surfaces; the piping should be 
thoroughly cleaned of all scale and dirt (the use of a stiff wire bristle 
brush is good for this), grease and oil; the paint should be kept chor- 
oughly stirred and well applied, and after drying thoroughly a second 
coat should be applied. Two coats are usually better than more. 

In some extremely exposed cases the piping has been protected by paint- 
ing it with graphite paint and wrapping it with rubberized tape (such as 
the trimmings from rubber and canvas belts), after. which the whole is 
given another coating of graphite paint. Cases have been known of piping 
protected in this way showing absolutely no sign of corrosion attér six 
years of extremely severe exposure. 

The use of galvanized piping is not very satisfactory; the cutting of the 
threads on the pipe removes the protective coating near the fittings whcre 
the pipe is, of course, the weakest, and further, the zinc forming the pro- 
tective coating furnishes little protection against a great many corrosive. 
vapors found in commercial practice. 

Protection of Sprinklers—The manufacturers. of standardized sprinklers 
can furnish heads specially protected against corrosion, and these should be 
used wherever sprinklers are exposed to corrosion. At the present time 
two types of sprinklers are available, one being a sprinkler with a glass 
cover, hermetically sealed, and the other being a head coated with a cor- 
rosion-resisting compound. Care should be taken in screwing the sprin- 
kler into the fitting not to injure this protection, otherwise its effectiveness 
is destroyed. 


Authors’ Note—See also section on “‘ Corrosion” in Chapter 29. 


76. Alterations—It is not permitted to change, plug up or remcve the 
fittings pertaining to dry-pipe valve, pressure tanks, pumps, gauges, ete. 
If such fittings leak or become deranged, they are to be put in order. 

77. Extra Sprinkler Heads—There should be maintained on the premises 
a supply of extra sprinklers (never less than six), to promptly replace any 
fused or in any way injured. ‘ i 

Sprinklers should be of the various degrees that may be used in the risk. 

78. Use of High Degree or Hard Sprinklers—High Jegree_ sprinklers 
should be used only when absolutely necessary and Inspection Department 
having jurisdiction should be consulted in each instance. When used, the 
following table should be referred to: 
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For ceiling temperature exceeding 100 degrees but not 150 degrees, 
install 212 degree heads. j y 

For ceiling temperatures exceeding 150 degrees but not 225 degrees, 
install 286 degree heads. r 

For ceiling temperatures in excess of 225 degrees, install 360 degree 
heads. : 3 

Ordinary degree sprinklers should be substituted for high degree sprin- 
klers where the latter are made unnecessary by cnange in occupancy. 


Authors’ Note—See also High Test Sprinklers in Chapter 29. 


79. Hand Hose Connections—Hand hose, to be used for fire purposes 
only, may be attached to sprinkler pipes within a room under the follow- 
ing restrictions: 


Pipe nipple and hose valve should be 1 inch. 

Hose to be 14 inches or 14 inches. 

Nozzle should not be larger than #4 inch. 1 

Hose should not be connected to any sprinkler pipe smaller than 23 
inches and never attached to a dry-pipe system. 


Authors’ Note—See also section on “‘ Standpipes”’ in Chapter 28. 


80. Concealed Pipe Systems—Concealed piping is prohibited except 
when the Inspection Department having jurisdiction gives consent. When 
installation is permitted, it should be in accordance with the following: 

a—Pipe should be of standard weight: wrought-iron or steel, painted 

with two coats of good protective paint, one before and one after 
installation. 

b—Should be placed in properly constructed ducts or thoroughly en- 

cased in Portland cement or equivalent. In no case shall the pipe 
system be installed so as to form a part of the floor arch rein- 
forcement. 

c—When installed in the concealed space between the floor arch and 

ceiling, pipe should be supported by standard hangers, and all 
pipe, fittings, and hangers should be given two coats of good pro- 
tective paint. 


81. Tests After Installation—AIl systems should be tested at not less 
fhan o pounds pressure for 2 hours, or at 50 pounds in excess of the 
normal pressure when the normal pressure is in excess of 100 pounds. 
Emergency tests of dry-pipe systems, under at least 60 pounds air pres- 
sure, should be made at seasons of the year which will not permit testing 
out under water pressure. 

Piping between check valve in fire department inlet pipe and outside 
connection should be tested same as balance of system. 

Brine or other corrosive chemicals should not be used for testing systems. 

To prevent the possibility of serious water damage in case of a break, 
pressure should be maintained by a small pump, the main controlling gate 
being meanwhile kept shut. 

In the case of drv systems with differential type or dry-pipe valve, the 
valve should be held off its seat during the test to prevent injuring the 
valve. 

In dry systems an air pressure of 40 pounds should be pumped up, al- 
lowed to stand 24 hours, and all leaks stopped which allow a loss of pres- 
sure of over 14 pounds for the 24 hours. 

A working test of dry-pipe valve should be made, if possible, before 
acceptance. 

All tests should be made by contractor in presence of inspector of In- 
spection Department having jurisdiction. ’ 


82. Relief Valves or Air Chambers—Where connections are made from 
public mains, subject to severe water hammer (especially where pressure is 
in excess of 100 pounds), it is advisable to provide a relief valve, prop- 
erly connected to a drain; or an air chamber in the connection. If an air 
chamber is used, it should be located close to where the pipe comes through 
wall, and back of all other valves, and at right angle to other valves, so 
as to take the full force of water hammer. i 


= 
% 


Rules for Automatic Sprinkler Systems 553 


Air chambers shall have a capacity of not less than 4 cubic feet, shall be 
controlled by an O. S. & Y. gate valve and shall be provided with a drain 
at the bottom. If an air vent is deemed desirable by the Inspection De- 
partment having jurisdiction, it shall consist only of a plugged outlet. 


83. Guards—Where guards are necessary, only those of a standard type 
shall be used. 


84. Preliminary Inspection of Sprinkler Equipments—Before asking final 
approval of an automatic sprinkler equipment by the Inspection Depart- 
ment having jurisdiction, the installing company should furnish a written 
statement, countersigned by the property owner to the effect that the work 
has been completed in accordance with the approved specifications and 
plans. The object is to secure a reasonable amount of supervision of the 
equipment by the assured as the work progresses, a larger knowledge on 
their part of its functions and proper maintenance, and also to prevent 
needless waste of time of the Inspection Department. Inspection Depart- 
ment having jurisdiction should furnish the necessary blanks for the above 
purpose, 


SECTION L—OPEN SPRINKLERS 


Rules 85 to 95 inclusive wil! be found reproduced in Chap- 
ter 34 on Open Sprinklers. 


SECTION M—UNDERGROUND PIPES 
AND FITTINGS 


96. Weights—Should not be less than those specified in the following 
table, where the normal pressures do not exceed 125 pounds. Where the 
normal pressures are in excess of 125 pounds heavier piping should be used: 


Weight per ft. Includ- 


Pipe ing Sockets 
4 Anehes 4, HA. Go cc GI 252s Soe cee eee 23.0 pounds 
GLINCHES: FFAS, TUT SSA, Sse ss. ot 35.8 pounds 
& RICHEST. Seth JO. POAT, DARI. Sk Foe 52.1 pounds 
PREIS F306) ae Ra IRENE a" aE ine aeRO ETE tear 70.8 pounds 
Ee NCHES Wastes wie taco eo rine vr se Stece.clvedaer tae, 91.7 pounds 
Polo EEC) DES fl fo i te ge hee yn Aiea an ae Mea pe 116.7 nounds 
A Co Area tena acai a! atest cla a een 143.8 pounds 


Pipe should be made in accordance with the essential features of the 
“* Standard Specifications for Cast-Iron Pipe and Special Castings. adopted 
by. the American Water Works Association, May 12, 1908. Tle inspector 
referred to in the Specitcations should preferably be a representative of an 
independent inspection bureau making a business of examinations and tests 
of pipe of this character. In cases where the amount of pipe to be installed 
does not warrant the expense involved in a special examination, a _certifi- 
cate from the manufacturer, stating that the pipe has been made and tested 
as required, may be accepted by Inspection Department having jurisdiction, 
to whom the matter should be referred in advance of closing the contract. 


Authors’ Note—For further discussion of Underground Piping see Chap- 
ter 27 on Outside Private Protection. 


97. Hydrant Main—See page 393, paragraph 10. 
98. For Pipes Extending to a Dead End—See page 393, paragraph 11. 
99. For Loop Systems—See page 393, paragraph 12. 


100. Rules for Laying Cast Iron Mains. Depth of Earth Cover—See 
page 397, paragraph 18. 
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101, Care in Laying—See page 397, paragraph 19. 
102. Location and Setting Hydrants—See page 403, paragraphs 43 and 44. 


103. Valves—Every connection from a yard main to a building should 
be provided with a post indicator valve of a standard type and the name 
of the service controlled should be clearly stenciled on the valve. : 

When surroundings are such that fhe indicator post will interfere with 
the passing of teams or cars, the best practice is to use a valve of the out- 
side screw and yoke pattern placed in a pit built in accordance with the 
National Board of Fire Underwriters’ Regulations. (See special pamphlet 
on Tanks.) A wrench or crow-foot with long handle should be provided 
for each valve, and kept in the pit where it can be reached from the yard 
level. The location of the valve should be clearly marked on neighboring 
buildings, and the cover of the pit should be kept at all times free from 
dirt and snow. ‘ . 

Large yard systems should have sectional controlling valves, and a valve 
should be provided on each bank where a main crosses water. 

104. Testing—See page 398, paragraph 32. 


SECTION N—RAILWAY CAR HOUSES 


Note: The foregoing rules are to be observed in protecting this class of 
property, and in addition thereto the special features as herein recom- 
mended are to apply. 

In car houses of fire-resistive construction, with all steel work protected 
in accordance with the requirements of the N. B. F. U., of a height not 
in excess of 25 feet, and with areas not in excess of 20,000 square feet, 
aisle line sprinklers or ceiling sprinklers, but not both, may be modified or 
eliminated by the Inspection Department having jurisdiction. 


105. Ceiling Curtains—Permanent ceiling curtains are recommended in 
buildings having a height of over 25 feet from floor to ceiling. These cur- 
tains may be constructed of rigidly supported non-combustible material, or 
of not less than 1-inch tongue and grooved boards, coated on both sides 
with standard fire-retarding paint; curtains to sub-divide ceiling into pocket 
areas not exceeding 5,000 square feet each, and to be of a depth from 
ceiling to trolley wire. Inspection Department havine jurisdiction should 
be consulted as regards the specific location of these curtains. 


Authors’ Note—One commendable ceiling curtain plan that has been 
used rather extensively involves the construction of non-combustible cur- 
tains carried down to a point just above the aisle lines. The aisle line 
sprinklers are attached to these curtains, and the combination is very 
definite guarantee against fire passing the aisle sprinklers. 


106, Aisle Sprinklers. 


a—In addition to the regular ceiling installation, sprinklers shall be 
placed on both sides of each track, in an upright position, on hori- 
zontal pipe lines parallel with tracks, and shall be so located that 
water will spray directly into cars through side windows of car 
bodies; the sprinklers must be at such a height that their de- 
flectors will be trom two to four inches below the upper sash rail 
of car windows. 

b—When the distance between sides of cars on adjacent tracks does 
not exceed 4 teet, one line of sorinklers shall be placed in the 
center of each aisle between tracks. 

c—When the distance between sides of cars on adjacent tracks exceeds 
4 feet, two lines of sprinklers must be installed. Sprinklers shall 
not be places less than 6 inches nor more than 12 inches from the 
sides of cars to be protected. 

d-—When the distance between the sides of cars on adjacent tracks is 
less than 12 inches, or where aisle lines in accordance with this 
section may not be practicable, as at curves, switches, transfer 
tables, car elevators, repair, and paint shops, special instructions 
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from Inspection Department having jurisdiction should be ob- 
tamed as regards installing raised or altered lines. 
e—Sprinklers must be placed between cars and partitions, division or 
outer walls, not less than 6 inches nor more than 12 inches from 
the sides of cars to be protected. 
f{—Distance between sprinklers on aisle lines shall not exceed 8 feet. 
g—The standard pipe schedule shall govern installation of aisle lines, 
except that no pipe smaller than one inch may be used. 
h—Sprinklers on all! aisie lines shall be staggered spaced. 


107. Supply Mains to Aisle Sprinklers. F 

a—Ceiling and aisle sprinklers shall be installed upon separate dry 
valves or alarm valves. 

b—In small car houses or sections of an area not great enough to re- 
quire at least two dry valves, ceiling and aisle lines may be in- 
stalled, supplied by one dry valvt, in which case separate connec- 
tions are to be taken from above and close to the dry pipe valve, 
and shut-off valves shall be provided for ceiling ana aisle systems, 
so arranged that either may be controlled independently. 

c—Aisle lines must not be supported by nor connected to ceiling sprin- 
kler piping. Special hangers or supports must be provided that 
aisle lines may be rigidly secure. 

d—tTroughing shall be installed over trolley wires in such a manner as 
to preclude the possibility of a short circuit being caused, between 
grounded metal work and trolley wire, by the trolley pole. 


108. Pits and Under Floor Space—Where the under floor space does not 
communicate with the pits, is tightly enclosed, and is not used for any 
purpose, sprinklers may be omitted in such floor space by special consent, 
in each instance, of the Inspection Department having jurisdiction. 


CHAPTER 31 


ALARM VALVES FOR AUTOMATIC SPRINKLER 
SYSTEMS 


1. The value of a reliable water flow alarm valve attached to 
an automatic sprinkler system can hardly be over-estimated. 
The records show that the sprinklers alone fail to extinguish 
about one-third of all fires occurring in plants under sprinkler 
protection, and in these cases it is obvious that the water flow 
alarm has an important function, namely that of summoning 
persons to the scene of the fire. In those cases where sprinklers 
succeed in extinguishing fires, it is necessary that notification of 
the flowing of water be given in order that valves may be shut 
and unnecessary water damage avoided. The signal from a 
water flow alarm valve may be the first notification to persons 
of a fire in a building, and be instrumental in causing a prompt 
exit by those not delegated to the duty of fighting the fire. 

2. An automatic sprinkler system with a reliable water flow 
alarm service connected therewith performs the function of the 
ordinary sprinkler system and of a special thermostat system. 
The cost of a complete system of thermostats is far greater than 
the additional cost of providing alarm facilities on a sprinkler 
system, and, speaking generally, the sprinkler head is a more 
reliable device than the thermostat. 

3. The records contain many instances of exceedingly heavy 
water damage owing to lack of sprinkler alarm equipment or of 
competent supervision by watchmen, and consequently one of the 
ordinary requirements for “sprinkler leakage” insurance is that 
there shall be an alarm system. Underwriters, on the whole, how- 
ever, have not paid the attention to water flow alarm valves 
which their importance is believed to warrant. 


TYPES OF VALVES. 


4, Figures 109 to 118 show modern types of alarm valves from 
which excellent service is being secured. There have, however, 
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in the past, been a considerable number of unreliable types of 
alarm valves, notably those having an outside lever or protruding 
stem or pin to which motion is imparted by the movement of a 
disc or flapper inside of the check valve body. 


LOCAL ALARM SERVICE. 

5. Water flow alarm valves, as ordinarily installed, merely give 
local alarms in case of flow of water through the alarm check. 
Figures in this chapter illustrate the manner in which alarm checks 
are installed, retardation chambers connected, and electric circuit- 
closing and water motor alarm-giving devices attached. 

6. Alarm Connections—The general practice very properly 
has been to make use both of electric alarms and of water motor 
driven mechanical alarms so as to have duplicate service. 

7. Alarm connections should preferably have the square-headed 
cock type of valve with wrench permanently attached. Handle of 
wrench can be slotted so that wrench can readily be strapped or 
wired in the open position. . 

8. Alarm Gages—The ordinary spring pressure gage with 
electrical connections, and arranged so that the hand or pointer 
makes contact with a metal pin at the desired pressure, has been 
used in some localities as a method of giving an alarm when sprin- 
klers operate. When such an alarm gage is used, an excess pres- _ 
sure is maintained in the sprinkler piping, and the alarm is given 
when the pressure is reduced to slightly below normal. Alarm 
gages have not been developed to a point nor used sufficiently to 
warrant their consideration, under ordinary conditions, in place 
of the customary water flow alarm valve. 


TESTS. 

9. Failure to test periodically has been responsible for a very 
considerable portion of the trouble experienced with water flow 
alarm valves. Points that warrant particular attention include the 
following: 

a—Circuits and wiring to be installed in accordance with the 

N. F. P. A. rules on Signaling Systems. 

b—A reliable source of current supply to be provided. 

c—Mechanism to be inspected and tested for corrosion, loading, 

sticking of parts, and freezing. 
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d—Protection of water motor rotary gongs against snow and 
ice, dust and dirt, and birds’ nests and insects is essen- 
tial. There should be a screen in the inlet pipe to prevent 
clogging, and this should be cleaned frequently. 


e—Tests to be made by opening test pipe at the top of riser 
on a wet-pipe system and by means of a special by-pass 
where a dry pipe is used. See arrangement for rule tests 
shown in Fig. 119. The main drip is often used for test- 
ing wet-pipe alarms but this does not give similar condi- 
tions to the opening of one sprinkler, and the test pipe 
at top of riser is the proper test. 


10. Caution—Before testing any alarm system, it is neces- 
sary to ascertain that the system is not connected to a central 
station or to the fire department. If system is so connected, 
special arrangements should be made satisfactory to all interests 
before tests are undertaken. It is also desirable, before testing 
local alarms, to make certain that there is no danger of unduly 
disturbing or exciting the employees or the public, and to make 
suitable provisions in advance to meet this feature. 


DRY-PIPE VALVES. 


11. The attachment of an electric circuit closer and a rotary 
gong to a dry-pipe valve is a relatively simple matter, and those 
dry-pipe valves which are not so equipped should be provided with 
this desirable additional feature. 


12. The value of such an alarm attachment, however, is lost 
when a system is tripped and kept “wet” instead of “dry.” The 
insurance organizations and the underwriters generally require 
that air be kept on a dry-pipe system at all times so that the alarm 
attachment will be operative, as well as for other reasons, and, 
therefore, it is not customary to install an alarm valve in addition 
to the dry valve. Where, on account of unusual conditions, it 
seems necessary to provide an alarm valve in addition to a dry 
valve, alarm valve should be placed below, that is, on the supply 
side, or it should be located in a by-pass in multiple with the dry 
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valve and with necessary gate valves to permit either valve to be 
used independently of the other. 


13. Even if a dry valve is located on the system side of an 
alarm valve, it should be connected to the alarms used with the 
alarm valve or it should have separate alarm gongs. The alarm 
gongs attached to the wet-pipe alarm valve cannot be relied on to 
operate in case the dry valve trips due to low pressure. 


SPRINKLER SUPERVISORY SERVICE. 


14. As covered by section on this subject in Chapter 29, Auto- 
matic Sprinkler Protection, sprinkler supervisory service is de- 
signed to give central station notification in event of water flowing 
through system in a sufficient quantity to operate sprinkler alarm 
valves. Such notification may be in addition to the customary 
local alarm service. Sprinkler supervisory attachments can be 
made to any standard water flow alarm valve. The rules pertain- 
ing to Automatic Sprinkler Alarm and Supervisory Service in- 
cluded in the Signaling System Rules should, of course, apply 
to any sprinkler supervisory service installations. 


SERVICE RECORD 


15. There has been considerable difference of opinion as to 
the actual value or reliability of commonly installed water flow 
alarm equipment. The extensive records of the National Fire 
Protection Association show conclusively that the percentage of 
failures of water flow alarms is relatively small and much smaller 
than for other agencies upon which reliance is placed for alarms, 
such as thermostats or watchmen. When it is considered that the 
existing record has been made in part by old and unapproved 
devices, it is safe to conclude that the modern alarm valve can be 
classed as a thoroughly reliable and valuable device. 


MODERN WATER FLOW ALARM VALVES. 


16. In the following pages are illustrated and described the 
more common types of water flow alarm valves, including those 
approved by the Underwriters’ Laboratories. 
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Fic. 109. Typircat ALARM VALVE FOR SPRINKLER SYSTEMS SHOWING CON- 
NECTIONS AND ATTACHMENTS 


(Courtesy of Grinnell Company, Inc.) 


NAMES OF PARTS 
1. Alarm Valve. 6. Main drain valve (closed). 9. Control valve for 
alarms (open). 10. Test cock (closed). 311. Retarding chamber. 17. Wrain. 
18. Electric circuit closer. 21, Drain from circuit closer. 22-23. Feed pipe 
to water motor alarm. 25. Water motor. 26. Striker. 42. Drain. 
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GRINNELL VARIABLE PRESSURE ALARM VALVE 


(English type, no longer manufactured) 


(Grinnell Co., Inc.) 


Fic. 110. Names or Pa rs: 3-4, Vertical check valve with composition 
disc. 5, Channel seat leading to alarm attachment. 


17. It is to be noted that most of these valves make use of a 
straight way check valve in the main pipe, designed when in open 
position to offer minimum retardation to the flow of water. Upon 
the check valve leaving its seat, water flows into the retardation 
chamber. The design of this chamber is such that no alarm will 
be given unless water flows continuously for from 15 to 30 sec- 
onds. This feature is very important in that it avoids false alarms 
from water hammer or other causes. If the check valve remains 
off the seat long enough to permit the retardation chamber to fill, 
the motion of a valve gives a direct water supply to the electric 
closing device and to the water motor which drives the rotary 


gong. 
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GRINNELL STRAIGHTWAY ALARM VALVE 
Model No. 1x 


(Grinnell Company, Inc.) 


Fic. 111. Descrrprion: 1, Retarding chamber. When check raises, water 
flows through channel seat 6 and pipe 7, and a few seconds elapse 
before pressure is created in chamber 1. This pressure acts on diaphragm 
and closes the outlet at bottom ot chamber. The water can then flow to 
motor gong and operate electric circuit closer. 3 is a swing check, pivoted 
at 5. Z is the shut-off valve for all alarms. 9 is the drain from retarding 


chamber. 
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GRINNELL STRAIGHTWAY ALARM VALVE 
Model A 


(Grinnell Company, Inc.) 


Fic, 112 A 


Fie, 112 A and B. Description: Sinilar to Model 1, except for a by- 
pass from below the alarm check to the main drain valve above the alarm 
eg see Fig. 112 A. Also changes in the retarding chamber,, see Fig. 
112 

Fic. 112 A. 1, Pipe connected to main drain, close to body of alarm 
valve. 2, Check valve which holds water pressure in_system above alarm 
check. 3, Fitting provided with small monel metal orifice. 4, Tee for pipe 


Cc a to alarm valve body below alarm check. 5, Test valve for 
alarms. 


GLOBE ALARM CHECK VALVE 
Model E 
(Globe Sprinkler Co.) 


Pics ar3 A Fic. 113 B 


Fic. 113 A. Atarm CHECK. 3 is swing check connected by levers to 
auxiliary valve 6. When 3 raises, it opens valve 6 and water flows through 
5 to upper section of retarding chamber. 

Fic. 113 B. ReEtTArDING CHAMBER. When upper section is filled, pressure 
is exerted on diaphragm 11 and this operates valve 7 and water is supplied 
directly from alarm valve through opening 8 to the alarm mechanism. 
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INTERNATIONAL ALARM CHECK VALVE 


(“ Automatic’ Sprinkler Corporation of America) 


Fic. 114. NAmeEs or Parts. DEscrRIPTION: 2 is swing check with auxili- 
ary valve 7, closing outlet leading to retarding chamber 11. Water flows 
through 13 and exerts pressure on diaphragm 16. This opens valve 23 
against the water pressure from system through pipe 59 and allows water to 
flow through 21 to the electric and water motor gongs. Under normal con- 
ditions water in 21 drains through 53, and there is a hole at 17 which 
allows drainage from retarding chamber, 
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VENTURI ALARM VALVE 


’ 


( Automatic ’ 


Sprinkler Corporation of America) 


Fic. 115. DEsSCRIPTION:2 is a weighted check valve with attached arm 
carrying clapper 46, which latter closes opening to pipe 44 leading to 4 
which is the upper part of a Venturi Tube. This Venturi Tube is a by- 
pass around main check 2. The upper tube 4 has a check 53 which pre- 
vents water in system passing back through tube. 5, 6 is a double cham- 
bered valve with connection 52. 5 is connected with the Venturi Tube 
at its larger section, while 6 is connected to a separate chamber surrounding 

Mercury is placed in chamber 5, in which is iron weight float 7, 
attached to which is lever 9, and valve ro. With small flows of water 
check 2 remains closed and water flows through Venturi Tube and pressure 
at Y is decreased, which in turn decreases the pressure in 6. Some mercury 
flows from 5 to 6, lowering weight 7, and opening valve 10 which allows 
water to flow to 15 and the alarm devices. The time element is provided 
by having the mercury pass through a small hole in check 51. The small 
clapper 46 does not function if main check remains on its seat and is pro- 
vided to give alarm in case check 2 is off its seat for any reason. 
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ROCKWUOD VARIABLE PRESSURE ALARM VALVE 
Type B 


(Rockwood Sprinkler Co.) 


Y/ 
Y 
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Fic. 116. Derscriprion: Swing check A closes channel seat ring connect- 
ing through independent pipe to retarding chamber. Auxiliary and inde- 
pendent check B closes opening to another pipe leading to retarding cham- 
ber. B opens on small flow and A opens if more than 2 or 3 sprinklers 
operate. 


SECTION G—ALARM SYSTEM 


(Automatic Sprinkler Rules—1g22 Edition) 


41. Gongs and Connections—Every automatic sprinkler system should 
contain an alarm apparatus so constructed that a flow of water through 
same will operate an electric gong, a mechanical gong, or both, as the 
character of the property and circumstances may require. On wet-pipe 
systems, or partially so, this apparatus should consist of an alarm valve 
and attachments; on dry-pipe systems, attachments to dry-pipe valve (see 
Section H), except that where there is an approved supervisory system. to 
a central station, one of the local alarms may be omitted at the discretion 
of the Inspection Department having jurisdiction. In other places, espe- 
cially in small towns, alarm valve or dry-pipe valve may be connected with 
public fire department house, or some other suitable place. 

The use of both electric and mechanical gongs is strongly recommended. 
The gong of the latter type can be located on the outside of building or 
any other desirable place on the premises. When located on the outside 


all gongs shall be protected from the weather. Electric bells shall be of 
standard type. 
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UNITED STATES ALARM VALVE 
Grimes Model 
(United States Automatic Sprinkler Co.) 


Fic. 117. Description: The seat ring of main check is grooved and 
connected by slots to a lower chamber around the seat ring. This latter 
chamber is piped to the retard chamber. ‘The retard chamber has an open- 
ing at the bottom which is closed by a diaphragm actuated valve, and an 
opening at the top leading to the alarm devices. 


Rotary gongs should be located as near alarm valve or dry-pipe valve as 
possible. Attention is called to the necessity of avoiding long runs or many 
angles in pipe to rotary gong. The total length of pipe horizontally should 
not exceed 75 feet, and vertically 20 feet. 

All pipe between alarm valve, dry-pipe valve, and rotary gong should be 
galvanized or brass of a size not less than 3-inch, and larger for long runs 
of piping or where pressures are low; and arranged to drain properly 
through not larger than a 4-inch orifice, brass bushed. 

Water motor and gong should be properly aligned and so installed as 
not to be liable to get out of adjustment. 

The drain from the water motor should be properly connected. See 
Rules 37, 39, and 46. 


Authors’ Note—Some fire protection engineers feel that the word 
“should ” in the first line ought to be changed to “to,” thus requiring 
an alarm valve for every sprinkler system. It is certain that the value of 
a good sprinkler alarm cannot be too strongly emphasized, particularly 
from the standpoint of the property owner, and compared with the expense 
the additional protection afforded is very great. 
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F. P. C. ALARM VALVE 


(Fire Protection Co.) 


Fic. 118. Description: Swing check valve with small auxiliary valve 
operated by lever attached to main check. The auxiliary valve closes the 
port leading to a retarding chamber. 


42. Alarm Apparatus—Shall be so located that the passing of water 
through any of the automatic sources of supply to any of the sprinklers 
will cause its action. 


43. Approval—Alarm valve or other alarm apparatus should be ap- 
proved by the Inspection Department having jurisdiction. 


Authors’ Note—Some of the older types of sprinkler alarms are a men- 
ace to the entire system in that they may fail to open and therefore pre- 
vent the water from reachine the sprinklers. Check valves with packed 
stems and outside levers are especially susceptible to sticking and numer- 
ous cases have been tound where such check valves would not open under 
low tank pressures. Furthermore, these checks are unreliable and fre- 
quently out of service so far as giving alarm is concerned. All checks of 
this pattern should-properly be removed from the sytem. 

The old style angle check with a protruding pin is also defective in that 
the pin sometimes becomes bent, corroded, or stuck and prevents the valve 
from opening. 


44, Wiring and Energy for Electric Alarms—Should be installed in ac- 
cordance with the rules of the National Board of Fire Underwriters. (See 
Signaling Systems.) 


Authors’ Note—The rules on Signaling Systems include sprinkler super- 
visory service as well as water flow alarms, and rules for wiring and for 
central station service. : 


45, Alarm Valve Installation—The alarm valve, retarding chamber and 
cireuit closer shall be so located that all parts will be readily accessible for 
inspection, repair, or removal, and all shall be substantially supported. 
Suitable valves shall be provided in the connections to the retarding cham- 
ber to permit repair or removal without shutting off sprinkler system. 
These valves should be arranged to be readily secured open. 


46. Drains—A vent should be provided for circuit closer. Where used, 
should be properly piped to a drain. 

Drains at alarm valve and at the variable pressure chamber, circuit 
closer, and rotary gong connected with valve, shall be so arranged that 
there will be no danger of freezing, and also so protected, by checks or 
otherwise, that there will be no overflowing at the alarm apparatus or of 
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domestic connections that may be on the same drain, with the sprinkler 
drains wide open. Where checks are used, they should have the equivalent 
of at least 2 four foot head and not be installed in a vertical position 


Drains from retarding chamber and circuit closer should discharge either 
to open cones connected as above, or the drain from alarm valve run 
separate from the other drains to the sewer or ground drain, a union or 
plug being inserted in each drain to permit of inspection. 

ere drains are connected with a sewer, proper trap shall be provided. 

Cold air has been known to enter drain-pipes from retarding chambers 
of alarm valves sufficiently to cause trouble by freezing in the alarm check 
valve. Where exposed to frost and it is necessary to drain alarm valves 
outside the wall, an open discharge cone should be provided inside to break 
the pipe line so that cold will not be canducted directly into retarding 
chamber. (See Section F, Rule 37.) 


CHAPTER 32 


DRY-PIPE VALVES FOR AUTOMATIC 
SPRINKLER SYSTEMS 


1. In many buildings it is impossible to heat the premises so 
as to prevent water in sprinkler pipes from freezing, and in such 
cases it becomes necessary to use what is known as the dry-pipe 
system. In such a system the pipes are full of air instead of 
water, the air being under pressure. In the feed pipe to each 
dry-pipe system is a dry-pipe valve, which is an automatic device 
designed to hold back the water until the air pressure has been 
reduced through the opening of one or more sprinkler heads. 

2. The use and development of dry-pipe valves has evolved 
two general types, into which all valves now in use may be 
grouped. These are generally spoken of as the differential and 
the mechanical. In both cases the design is such that a relatively 
small air pressure will hold back a much greater water pressure. 


DIFFERENTIAL DRY-PIPE VALVES. 


3. In the differential type of dry-pipe valve there are used two 
clappers of unequal size, assembled more or less as a unit, the 
larger clapper subjected to air pressure and holding to its seat a 
smaller clapper subjected to water pressure. In this type of 
valve mechanical imperfections are compensated for either by a 
flexible clapper or by a flexible seat. The trip point of this type 
of valve is determined by the ratio of the area of one clapper to 
that of the other, and sufficient air pressure must be carried to 
overcome the water pressure. The ordinary ratio of water to air 
pressure is about 1 to 6. 

4. With ordinary pressures ranging from 50 to 100 lbs., the 
tripping air pressure will be about 15 lbs. or even less, but in 
order to have a margin of safety it is customary to cary air pres- 
sures of 30 to 40 Ibs. Since the air pressure in the system must 
be reduced to the tripping point before water enters the piping 
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which is normally dry, it is undesirable to carry a greater margin 
of air pressure than necessary, as greater time must elapse before 
the water reaches the sprinkler heads. 

5. Figs. 121 to 125, and 131 to 133, on succeeding pages, illustrate 
approved forms of differential dry-pipe valves. 


MECHANICAL DRY-PIPE VALVES. 


6. In the mechanical type of valve, the air and water seats 
may or may not be of the same area; in each example of this 
type of valve the air clapper, under the influence of air pressure, 
holds the water clapper shut against a pressure of water which 
may be greater than the pressure of air. This is accomplished 
through a system of reducing levers. Valves of this type also 
are designed to compensate for mechanical imperfections. 

7. The ideal in each type of mechanical valve that the designer 
has attempted to reach is having in his train of mechanism a 
weighted lever tending to open the air valve when the pressure 
reduces to a predetermined point, and so proportioning the bal- 
ance of his lever train that the water pressure has little or no 
effect upon the opening of the valve. Theoretically, a mechan- 
ical dry-pipe valve has a definite operating point that is affected 
slightly, if at all, by the water pressure. This ideal, however, is 
hard to attain in practice due to the deflection of levers under 
extreme loads and to the set at the bearings through a long 
period of inaction. In consequence, the trip point is affected 
more or less by the stress the operator puts upon the compensa- 
tion means, which is usually a stress screw. 

8. Figs. 127 to 130 illustrate approved type of mechanical dry- 
pipe valves. No. 126 is designated by the manufacturer as semi- 
mechanical. 


ADVISABLE USE OF DRY-PIPE VALVES. 


9. Wherever it is feasible to heat a building, this is advisable 
in preference to using a dry-pipe system, for such a system in- 
troduces features tending toward more frequent interruptions to 
automatic service. The dry-pipe valve itself is a mechanical de- 
vice which, however, well constructed, needs attention, and, fur- 
thermore, the proper air pressure must be maintained or water 
will enter the system. It has frequently been found difficult 
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thoroughly to drain a system, and consequently freezing ‘with 
possible crippling of the system occasionally results. Dry-pipe 
valves and the piping below them must be protected against 
freezing. Frequent inspections of dry-pipe valves and systems 
are necessary, especially to guard against accumulation of water 
above the dry-pipe valves with resultant “water columning.” 
Such accumulation may be due to an improperly drained system 
or to leakage past the dry-pipe valve. 


Blrovze Lal! 


Fic, 120. Automatic Batt Drip 


_ , (Courtesy Factory Mutual Fire Insurance Companies) 
Drip is normally open. A flow of about seven gallons per minute seats 
the ball and closes the drip. 


10. Many of the older types of dry-pipe valves are thoroughly 
unreliable, and only modern, approved types should be used. A 
dry-pipe valve is a delicate piece of mechanism, and it must be 
thoroughly studied before judgment can safely be passed upon 
its condition. On one unapproved form of mechanical dry valve, 
for example, the use of rubber gaskets in an air cup has been 
found frequently to put the valves entirely out of commision. 

11. While considerable emphasis has been placed in the past 
upon the danger of interruption to service where dry-pipe sys- 
tems are in use, experience has shown that these difficulties are 
relatively unimportant with modern apparatus and systems, and 
it must not be forgotten that wet systems are also subject to in- 
terruption of service, especially owing to freezing. Unusually 
cold weather, lack of coal, carlessness of employees in not main- 
taining proper temperatures at night, windows left open, and 
other oversights cause freeze-ups of wet systems. 
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SIZE AND EFFICIENCY OF DRY SYSTEMS 


12. It is recognized that in theory, at least, the most serious 
objection to the use of a dry system is the loss of time between 
the opening of a sprinkler and the issuance of water. This gives 
time for the fire to spread considerably and more sprinklers are 
opened. 

According to the fire record about twice as many sprinklers 
open on the average with dry systems as with wet systems, which 
shows that the control of fire is not as prompt or certain with a 
dry system. 

13. The following figures, taken from the I922 tables of the 
N. F. P. A., show that one sprinkler on a wet system takes care 
of a larger percentage of fires than two sprinklers on a dry system. 
Two sprinklers or less with a wet system is as effective as five 
or less with, a dry system. Nearly 5 per cent. of all fires with 
dry systems opened more than 100 sprinklers while less than 1%4 
per cent. of the fires with wet systems opened over 100 sprinklers. 


No. of Sprinklers Operating. Wet. %. Dry. Q% 


lo. 
| 
ilo coast oAW RII Repaid ss SIE I 7708 35.5 871 19.6 
ROTELGHSs, ah scteiys, ake Re ae 11539 53.1 1476 33.0 
BSEOUBIORS Sratfan sige ardour krone Rie ois 13741 63.3 1850 41.5 
AMODGSS Pi sals ci oisiu- 01 Rebs wa eee 15309 70.6 2178 48.8 
HlOTmMESsL Me TiS. BOI, eat 16300 75a 2386 53.5 
UWRORORS = 5 5 20at fal scapbese mccyechs 18815 86.7 3035 68.0 
MDLODAESS revs as ache ere race ae 19773 91.0 3414 76.5 
abiorilessie «95 .fyeait. aexntesedas 20555 94.5 3764 84.5 
Cy CEMA syayapseivetixcuefevevs:sfEie, sieieiais 306 1.4 218 4.9 


14. A comparison of the efficiency of wet and dry systems 
is shown in the following table: 
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No. of Fires. | No. of Fires. No. of Fires. 
Wet. | %. | Dry. %: No. | Total. | %. 
Data. 
Fesictioally or entirely extin- 

BUS NOCE so: s avg ae 6iinles ne ie 14,718 | 66.1 | 2,925 | 63.7 13 1G 
Held fire in check......... 6,721 | 30.2 | 1,362 | 29.8 8 pes 300 
Unsatisfactory............ 835 | 3.7 297 6.5 9 1,141} 4.3 

SC OUAL ws cose sil eenre eer 22,274 4,584 30 26,888 
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15. This shows about twice as many unsatisfactory fires with 
dry systems as with wet. Of the 297 unsatisfactory fires with dry 
systems less than ten per cent. are classified as due to trouble with 
the dry system itself and it therefore appears that many of these 
unsatisfactory fires are directly due to the delay in getting water 
on the fire. 

16. In the early years of sprinkler protection there were no 
definite limitations to the size of dry systems, and 1,000 to 1,200 
sprinklers on a dry valve was somewhat common. It was found 
however that with a system of this size, several minutes (say 3 
to 5) might easily elapse between the time the sprinkler opened 
and the water reached the fire. This lapse of time was caused 
by the large volume of air in the sprinkler pipes. Because of this 
large volume, considerable time necessarily elapsed before the 
normal air pressure in the system was reduced to the pressure at 
which the air valve trips. 

17. Under more modern rules, the number of sprinklers allow- 
able on one dry valve was placed at from 300 to 400 at most, and 
in many cases 250 was considered sufficient. With normal air and 
water pressure the loss of time with these more modern systems 
should not exceed one to two minutes. 

18. It is, of course, evident that the greater the air pressure 
the longer the time element, assuming the water pressure and air 
pressure at which the dry valve operates to be constant. It is, 
therefore, important to carry only sufficient air pressure to have 
the valve safe against premature tripping. If the system is fairly 
tight the excess air pressure over the operating pressure should 
not be over 15 to 20 pounds, and if there is abnormal leakage, the 
system should be made tight rather than to carry an extra heavy 
air pressure to care for this leakage. Even 10 or 15 pounds more 
air pressure than is necessary may cause serious delay in water 
reaching the fire. 

19. The instruction sheets provided for the various types of dry 
valves give operating air pressure and the required air pressure 
for safe practice. Care should be taken not to exceed this air 
pressure. 

20. It has long been recognized that the time element could not 
be altogether or properly regulated by a rule limiting the number 
of sprinklers on a system, for this does not necessarily limit the 
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capacity of a system on which the time element depends. There 
may be long runs of large pipe which greatly affect the capacity 
of the system with the same number of sprinklers. Furthermore, 
even without such somewhat unusual conditions, the number of 
gallons of pipe capacity per sprinkler head varies from three 
quarters to over one and a half gallons per sprinkler simply due to 
various methods of piping or construction. The average number 
of gallons capacity per sprinkler is probably about 114 gallons, 
not taking into account any long runs or main feeders. (See 
Rule 48, page 583.) 


21. In 1921 the Rules were amended and changed to provide for 
a maximum capacity of 500 gallons for one dry valve. This neces- 
sitates the use of a table for pipe capacities. See Table 34, page 
728. See also Table 35 for examples of capacity of amount of 
water in sprinkler piping. At this time the Rules were further 
amended to permit not more than 1,000 gallons on one dry valve 
provided the dry valve was equipped with a quick opening device 
or “accelerator.” 


DRY PIPE VALVE ACCELERATORS. 


22. A quick opening device or accelerator was first developed by 
the Grinnell Co. Inc., and put on the market in 1920. Since then 
other devices of this general character have been put on the 
market. This device is so constructed that the dry valve will trip 
as soon as there is a quick reduction in the air pressure in the 
system, amounting to I pound or less. In other words, the dry 
valve trips in a few seconds after the sprinkler operates. There 
is but little difference in the time elapsing between the tripping 
of dry valve and water reaching the sprinkler, with or without an 
accelerator. With an accelerator 20 to 30 seconds is a fair esti- 
mate of the loss of time after a sprinkler operates before water 
comes, while without an accelerator this loss of time might easily 
be 4 or 5 times as great even with a standard system. The loss 
of time with an accelerator is so small that the time element dis- 
advantage of a dry system practically disappears and so far as 
this important feature is concerned the dry system becomes the 
equivalent of the wet system, See page 590. 


23. The Globe Automatic Sprinkler Co, also have an approved 
accelerator (see page 601). 
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24. The “ Autématic” Sprinkler Corporation of America have 
developed a device called an Exhauster which answers a similar 
purpose (see page 602). 


25. Old or “overloaded” dry systems which are sub-standard 
because of the size of system can be made much more satisfactory 
by the use of an accelerator. All dry-pipe valves should be 
equipped with a device of this nature so as to increase their 
efficiency. 


BY-PASS CONNECTIONS. 


26. The Associated Factory Mutual Companies generally re- 
quire that all dry-pipe valves be installed in a by-pass. They con- 
sider this desirable: 

27. First. In order that the dry-pipe valve can at any time be 
removed from the system, as is occasionally necessary, and the 
sprinkler equipment kept intact. 

28. Second. In order that in the spring, when the equipment 
is changed to a wet system, the dry-pipe valve may be readily cut 
out and taken care of, so that upon the approach of freezing 
weather it may be ready for immediate service. 

29. Third. If for any reason the dry-pipe valve should fail to 
open promptly, the water may be easily admitted through the 
main connection. 

30. They use a “short” and a “long” by-pass. The short by- 
pass provides for a single feed pipe with the controlling valves 
for both the by-pass and main feed located in a dry valve house 
or enclosure. The long by-pass provides for two main feeders, 
each having outside post indicator control, one for the dry valve 
and one for the wet pipe feeder. The short by-pass is less ex- 
pensive and generally desired but the long by-pass is used with 
large areas or where the dry valve is located near center of 
building. 

CARE AND INSPECTION 


31. Drainage—All portions of a dry system must drain 
properly. This necessitates ample pitch for all piping and special 
drains at all low points. Before cold weather all drains should 
be opened, water drawn off, and valves, cocks, or plugs tightly 
closed to prevent air leakage. Frequent tests of these drains 
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should not be necessary unless water is found to accumulate at 
certain points or unless the dry valve trips and allows water to 
enter system. A test of drains once every two months should be 
sufficient, and it may be advisable to omit all such tests in freezing 
weather. 

32. Valve Room oi Closet—Inspect at least once a week to 
see that temperature is always well above freezing. At the same 
time examine general conditions, tightness of doors, main valve 
open and fastened, and alarms operative. 

33. Dry Pipe Valve—Essential matters of an inspection and 
upkeep character are: 


a—See that main gate valve is open and fastened. 

b—Note pressure shown by air gauge. Air pressure should not 
be more than about 20 lbs. above the normal air pressure 
at which valve trips. Air gauges are often incorrect and 
they should be tested from time to time; otherwise air 
may drop to the danger point. If air pressure is more 
than required, more time will elapse before water reaches 
the sprinklers. 

c—Note water pressure below dry valve and test for water flow 
by opening the 2-inch test pipe wide and note drop in 
pressure. 

d—See that air compressor is in good working condition. The 
valve in air line should be kept closed. 

e—See that all valves or cocks controlling alarms are open and 
fastened. 

f—Test alarms by means of test valves or electric switch. Do 
not test water motor gongs in freezing weather except 
a hand test of shaft and striker to make sure it will move 
freely. 

g—Test for water in main riser above dry valve by opening 
air test valve and draw off all water at this point, being 
sure that valve is closed tight after test and does not leak 
air. This test does not need to be made oftener than 
once in two months -unless considerable water is found 
above the valve, and this test is inadvisable in freezing 
weather. 

h—If there is a test cock for priming water, this test should be 
made and this will show that there is sufficient priming 
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water above valve. Many dry valves do not have a prim- 
ing chamber and test cock. 

i—The automatic ball drip at dry valve should be examined 
frequently to make sure that it is unobstructed and in op- 
erative condition. See Fig. 120. If this drip becomes 
clogged water may leak into the body of valve and cause 
trouble, and in some cases water could leak through into 
main piping. : 

j—Some types of valve have a separate air disc with test cock. 
This test cock or valve should be tested frequently and 
any water above the air disc drawn off to prevent water 
column. (See Manufacturers No. 3; Niagara, Model G.) 

k—Differential type of dry valves are provided with a latch or 
catch to prevent reseating and possible water column. 
In some types this latch or catch can be tested to see that 
it operates properly and freely. This test is particularly 
necessary on Grinnell No. 12 as the latch is operated by 
a spring. (See also Grinnell C and D; K. M. E., Model 
A.) 


SETTING DRY-PIPE VALVES 


34. The details of setting vary with various. types of valves and 
the directions provided with each valve should be carefully fol- 
lowed. In general: 

a—Be sure that all water has been drained from system and 

body of valve, otherwise water may come out when hand 
plate is removed. 

b—Carefully clean all air and water seats and rubber. gaskets, 

otherwise these seats may be ruined, requiring expensive 
repairs. 

c—Put clappers, disc, and valve parts in proper position. 

d—See that air clappers are primed with water. 

e—Pump up the necessary air pressure and open main gate 

valve. 

35. Caution—Never apply grease, tallow, or any oily sub- 
stance to valve seats or discs. If properly cleaned, they should hold 
tight unless they have been injured in some way in which case it 
is usually necessary to have the valve repaired by the manufac- 
turer. 
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BACK FLOW AND WATER HAMMER 


36. Field tests have shown that if water flows in a reverse di- 
rection through certain types of valves, the air clapper may be 
slammed upon its seat so suddenly by this back flow that the re- 
sulting water hammer is sufficient to break the body casting. 
This is most likely to happen with two or more valves on a 
header, tripped in succession, the sudden discharge of water into 
the empty system causing a reverse flow in the dry valve previ- 
ously operated. 

37. Certain changes in design will overcome this trouble in new 
valves, and changes have also been recommended for certain 
valves now in service such as the Manufacturers and Niagara. 


DRY-PIPE VALVE ENCLOSURES 


38. The National Fire Protection Association have issued a set 
of illustrations showing different types of dry-pipe valve enclo- 
sures. One is illustrated in Fig. 119, where also is shown a dry- 
pipe valve with all customary connections and test provisions. 


FIELD TESTS 


39. In a previous edition of the Hand Book, the results of field 
tests published in the October, 1914, N. F. P. A. Quarterly were 
summarized. The following gives some of the reasons for un- 
satisfactory action: 

a—Air all gone, barely released. 

b—Set three years, failed at first, later tripped. 

c—Set three years, almost failed despite high pressure. 

d—Rings ruptured, some water damage. 

e—Failed from water column. 

f—Hand hole blew out. 

g—Failed by sticking. 

h—New valve burst, no cause determined. 

i—Stuck because primed with thick grease. 

j—Failed because capable of being improperly set. 

k—Valve had been abused. 

1—Upper check cracked. 

m—Double failure, valves stuck. 

n—Logy and tripped far below normal. 
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40. The January, 1921, Quarterly: gives results of field tests in 
Canada, and the following is taken from this report: 

While dry-pipe valves have operated properly after being set 
“dry” for a considerable number of years, such a long delay in 
testing is felt to be poor practice, and is not the general rule with 
other portions of a sprinkler equipment, such as fire pump, alarm 
valve, water supplies, and so forth. The reliability ofa whole 
system may be dependent upon~the. proper operation of the dry- 
pipe valve, and it should, therefore; be tripped regularly. . 

The failure of a dry-pipe valve does not necessarily imply an 
inherent defect, but may be due to improper setting, substitution 
of or addition to parts, poor maintenance, local surroundings; con- 
dition of water supply, or other causes. Poor shop practice or 
structural defect has, however, contributed to some failures, mak- 
ing necessary the replacement: of the valves to avoid courting 
disaster in case-of fire, 

41. Of two failures at time of fire, one was due to replacement 
of a small part of the valve by a home-made piece which threw 
the adjustment out of line; the other was due to binding of parts 
caused by faulty adjustment of set screw. 

42. The following are results from field tests: - 


a—Seven failures due to corrosion, rust, scale, or sediment. 

b—One due to white lead on air clapper. 

c—One due to blowing out of hand plug on account of corro- 
sion. 

d—Ten failures due to sticking at the auxiliary air cup, caused 
in some cases by inserting a gasket ‘or washer. 

e—A releasing part became wedged: between the body of the 
valve and the rod of the water clapper. . 

f—Stones prevented water clapper from going into place. 

g—Ice in anti-column pipe caused failure. 

h—Seven valves found water columned due to letting water into 
system during warm weather, setting valve and draining 
intermediate space. 

i—Four valves reseated owing to trouble with latch. 

j—Failure of four valves and replacement of eight valves due 
to poor shop practice or structural defects. 

k—Four fractures of valve bodies and five of fittings above the 

valve, when valve operated; these occurred with a dry 


20 


Pic. 121. Vyprcan Dry Pier Vatve FOR SPRINKLER SystEMs, showing 
connections and attachments. (Courtesy of Grinnell Company, Inc.) 19, 
Electric alarm circuit closer. 22, Connection for feed pipe to water motor 
alarm gong. 33, Main gate valve (should be fastened open). 34, Draw-off 
valve (kept closed). 35, Water pressure gage. 36, Air pressure gage. 


(See bottom of next page.) 
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valve which had been tripped, followed by the tripping of 
another valve. A serious loss occurred in New England 
under similar conditions. 


SECTION H—DRY-PIPE SYSTEM AND FITTINGS 


47. Where Necessary—A dry-pipe system should be required only where 
a wet-pipe system is impracticable, as in rooms or buildings which cannot 
be properly heated. the use of an approved dry-pipe system is, however, 
far preferable to entirely shutting off the water supply during cold weather. 

Where it is necessary to have but twenty-five (25) per cent. or less of 
the total number of sprinklers on an air system, only such sprinklers 
should be thus piped; the remainder shall be placed on wet system. 

This rule requires small dry-pipe systems for show windows, blind 
attics or other minor portions exposed to freezing. 

Sprinklers in minor portions exposed to frost, if the total number does 
not exceed ten, may be connected to wet system and provided with shut- 
off and drain, except where occupancy conditions may prohibit such an 
arrangement, in order that the equipment may be drained during the 
winter months. (See also Section K, Rule 81.) 

Authors’ Note—The undesirability of shutting water off of any of the 
sprinklers cannot be too strongly emphasized. All portions of the build- 
ing should be heated or the sprinklers placed on a dry-pipe system. This 
includes entry ways, show windows, cock lofts, and basements. Small dry- 
pipe valves (2$ and 3 inches) can be purchased and these can be used 
where there are only a few sprinklers so located as to be in danger of 
freezing. 

48. Size of Dry System—tThe capacity of a system depending upon one 
Bey pine valve should not exceed 500 gallons. 

here the dry-pipe valve is equipped with an approved quick-opening 
device and Inspection Department having jurisdiction permits, the capacity 
of a system may be 1,000 gallons. 

Table of Capacities of Wrought Pipe—There is no standard for all manu- 
facturers. The outside diameter ot pipe is made exactly to standard in 
order to fit the dies. The skelp from which the pipe is made is of a 
thickness to make the pipe weigh the standard per foot; but a variation of 
5% above or below is permitted. The inside diameter and therefore the 
capacity will vary slightly and no table is strictly accurate. The fittings 
will also make a slight difference, but for the application of the above 
rule, the following table is substantially correct: 


Nominal Internal Diam- U.S. Gallons in One 
eter in Inches Lineal Foot of Pipe 

.028 

I .045 

1} .078 

14 : .106 

2 .174 

243 .248 

3 -383 

34 +513 

4 -660 

5 1.040 

6 1.501 


40, 41, 42, 43, priming chamber, cup and control valves. 45, Test valve 
used to draw off any water above this point. 46, Drain for body of dry- 
pipe valve. 48, Valve in air supply pipe from compressor. 49, Check valve 
on air supply pipe. 51, Strainer on air supply pipe. 52, Gate valve con- 
trols water feed pipe to water gage, alarm test pipe, and priming cup. 54, 
Check with small hole in clapper for draining alarm piping. 55, Gate 
valve controls feed pipe to alarms (should be fastened open). 
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e gallons per sprinkler will naturally vary with the arrangement of 
pees Dace Dawtagd requirements, the smallest quantity per sprin- 
kler would be .741 gallon under 8 ft. stagger in 11 feet 6 inches to 12 
feet bays joisted construction, and the greatest 1.714 gallons under prac- 
tically 10x10 feet spacing panel construction; but in equal areas, the 
total capacity of each system per floor would be nearly the same due to 
the greater number of sprinklers under the joisted construction... Approxi- 
mate capacities may be obtained under general types of construction by 
allowing per sprinkler 1.1 gallons under center feed; 1.25 gallons under 
side and end center feed, and 1.6 gallons under panel construction. These 
-include allowances not in excess of 14 feet for riser pipe and of 10 feet 
from riser to system on each floor. They do not include any long runs 
from dry-pipe valve to system. 


Authors’ Note—The above rule 48 is a radical change from former rules 
for size of dry systems. The former rules permitted a certain number of 
sprinklers on a dry system, usually 300 to 400 as a maximum. It was, 
however, recognized that the time element depends on capacity or amount 
-of air in a system rather than the number of sprinklers. ‘ . 

. A rough estimate of one and one quarter gallons. per sprinkler, not in- 
,cluding long runs or feed mains, is about right for average conditions. | 
__ The ruling for systems with quick-opening devices is new, as this device 
has only recently been developed. (See page 599.) 


49. Sub-Division of System—AlIl systems should be divided horizontally 
where pressure tanks are installed. 

In buildings of great area, such as piers, storage sheds, foundries, car 
shops, etc., substantial curtains of flame-proof material extending down 
24 inches or more below the ceiling may be required to separate sprinkler 
systems so that there will not be more than 200 sprinklers in the pocket 
areas so formed. 

: dry-pipe system may be still further subdivided by the insertion of 
check valves in the ditrerent branches of the system, thus quickening the 
operation of the dry-pipe valve. Holes 3-inch in diameter should be drilled 
in the clappers of the checks to equalize the air pressure under normal 
conditions, and a drain, properly connected, should be provided in front 
‘of each check valve. Checks and drains shall be located in a warm place. 


50. Location and Protection of Dry-Pipe 'Valve—The dry-pipe valve 
should be located in an accessible place and as near as practicable to the 
sprinkler system it supplies. 

Dry-pipe valve in any location should be properly protected from me- 
chanical injury. 

Where exposed to cold, ‘the dry-pipe valve should be located in an ap- 
proved underground pit, or in a valve room or closet. Room should be of 
sufficient size to give at least 24 feet of free space on all sides of and 
above or below dry-pipe valve or valves, and this room, if feasible, should 
not be built until the valve is in position, Valve room should be well 
lighted, preferably by electric light and properly heated by steam, electric 
heater (installation to comnly with the National Electrical Code), gas or 
lard oil lantern. If fire heat is used, some ventilation will be necessary 
to supply the air for combustion. 

Inspection Department having jurisdiction shall be consulted as to con- 
struction and arrangement of dry-pipe valve enclosure. Illustrations of a 
number of tvpes ot enclosures, which have been successfully used under 
varying conditions, are separately published as a supplement to these 

egulations, and may be obtained on application. 

The supply for the sprinkler protection in the dry-pipe valve enclosure 
shall preferably be from the dry side of system, but if on wet- side ~shall 
be controlled by a valve. i 


51. Pressure to be Carried—High air pressure in dry-pipe system is un- 
desirable, and 15 to 20 pounds in excess of the normal tripping pressure 
of valve has been found to be the maximum which it is necessary to carry 
im most cases. Under these conditions, to avoid pumping oftener than 
once a week, the system snould not lose more than about ro pounds air 
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perenne per week and an equipment which leaks more than this cannot_ 
e considered acceptable. (See also Section K, Rule 81.) 

Air pressure should be maintained on dry-pipe systems throughout the 
year, except when special permission is given by the inspection depart-. 
ment having jurisdiction to fill system with water for a short period: to- 
detect leakage. 


Authors’ Note—The above rules states that air pressure should be main- 
tained on dry-pipe system throughout the year. The reason for this is 
that there is less chance of interruption to service where the «system ‘is 
once put in good condition and then so maintained. Where water is let 
in the system there is danger of improper drainage, faulty setting of dry 
valve or keepiny water in the system too long after cold weather. begins.. 
A leak or trouble with dry valve may develop when changing to dry 
system, and if cold weather has begun it may be necessary to put system 
out of service entirely pending repairs. On the other hand, letting water 
into a dry system during warm weather allows the use of a wet system 
for that period, and, in warm climates where the danger of freezing only 
covers a few weeks and even then is more or less remote, it may be pre-' 
ferable to change over the system each year. 


52. Air Compressor—Air compressor should be of standard type and 
have a capacity of not less than 11 cu. ft. of free air per minute except 
where the number of dry systems is three or less in which case com- 
pressor of 6 cu. ft. capacity may be used. 

A standard relief valve should be provided at every air compressor and 
set to relieve at a pressure five pounds in excess of maximum air pressure’ 
which should be carried in system. 

A direct connected steam or electrically driven air pump is preferred to 
a belt driven pump. The air supply should be taken from outside or from 
a room having dry air, in order to avoid carrying moisture in the system. 
The intake should be protected by a screen. 

In extensive systems subject to extreme cold, the air supply should be 
taken from the room where the lowest temperature and driest air prevail, 
and drawn through a reservoir or tank of about thirty gallons capacity 
containing from ten to fifteen pounds of granulated calcium chloride. 


53. Independent Air Filling Connection—The connection from the air, 
compressor should enter the system in the main riser above the dry-pipe 
valve, and on this supply a check valve between two shut-off valves with 
renewable discs. Automatic supply of air to a system is not desirable 
except in special cases, but where two or more systems are supplied by 
an automatic compressor, a brass disc having %-inch orifice should be 
installed in suppiv line to each system, in addition to shut-off and’ check 
valve, same to be located on-compressor side of check valve. 


54. Anti-Columnine Pipes—When anti-columning pipes are used they’ 
shall be either lead lined or of brass. 


55. Supply and Test Pipe—AlIl water supplies to sprinklers shall enter 
the system below the dry-pipe valve, shall be properly protected from 
freezing, and provided with a 2-inch test pipe connected between controllin 
gate and dry-pipe valve. Test pipe should be provided with a standar 
valve and be properly connected to a drain, so as to permit of the valve 
being opened wide for a water flowing test. Pressure gauges should also 
be provided as called for in Section F, Rule 4o. 

A j-inch inspector’s test pipe shall be installed on the end of most dis- 
tant branch line and equipped with a j-inch shut-off valve and brass plug. 

56. Drainage—Sprinklers shall be located in an upright position. All 
sprinkler pipes and fittings shall be so installed that they can be thoroughly 
drained and, where practicable, all pipes should be arranged to drain at the 
main drip, ordinariry located at the dry-pipe valve. The tops of branch 
lines should pitch at least 4 inch in 10 feet, and more where settling may 
occur. A pitch of } inch to 1 inch is usually not impracticable with short 
branch lines, and should be provided where there is a chance of settling. 

Where settling may occur and deprive a dry-pipe system of its drainage, 
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the ends of lines should not be raised to violate Section B, rule 12. The 
drainage should be restored by shortening the vertical piping. fi 

Where more than three sprinklers do not drain back, a drum-drip valve 
should be installed, if possible in a warm location. Where such number 
of heads is three or less, a drip valve with soft metal seat, plugged with 
a composition plug, shall be installed. Where more than twenty sprin- 
klers do not drain back a 14-inch drain valve shall be provided with drain 
pipe discharging to a safe location. 


57, Connection from Top of Pipe—Where the supply for these low sprin- 
klers is taken from a large pipe, such as a trunk main, the connection 
should be made from or near the top of the large pipe, so as to prevent 
condensation in same entering the small pipe. This can be accomplished 
by looping back the connection. : 

Where feasible, the drains for these low portions should be carried back 
into warm rooms, and the drip valves located there. 


One half-inch Test Pipe—In cold climates, where there may be a con- 
siderable number of sprinklers or low point in large pipe drained by a 
separate drip, requiring a drain valve 1}-inch or more in size, it is advis- 
able to provide either a condensation drip or a }-inch drip valve back of 
and below the larger drain valve. This latter arrangement will permit 
the blowing out of these low pipes through the 4-inch valve, when there 
might be danger of tripping the dry valve by opening the larger drain. 


58. Dry Pipe Underground—When it is necessary to place pipe which 
will be under air pressure underground, it is desirable that it be buried 
below frost, so as to prevent any trouble from the heaving action of 
frozen ground. This pipe sno~ld be wrought and have at least two coats 
of good rust-proot paint, such as asphaltum, tar, ete., one coat to be 
applied before the pipe is laid, and the other after all joints are made up, 
final turn. 

No bell and-spigot cast iron nine with poured or cauiked joints shall 
be used under air pressure, and all pipe liable to corrosion, where under- 
ground or exposed to chemical fumes, for example, shall be painted or 
otherwise so treated as to reduce to a minimum this deterioration, which, 
with the pipes unprotected, might soon cripple the system. To further 
safeguard the piping against corrosion, it is advised that after the joints 
are made up and before the second coat of paint is applied, the pipe should 
be wrapped tightly with burlap and burlap painted on outside; also that 


the pipe should be laid in a bos sora? : 1 oO. 
mretecieal a box or split tile conduit for still additional 


_ 59. Flanged Dummy—A flanged section of pipe with drain outlet same 
ac as dry-pipe valve, to take the place of dry-pipe valve in case of repairs, 
should be provided for each type and size installed. 


ee Alarm Attachments—A dry-pipe valve should be provided with 
either or both mechanical and electrical alarms, installed in accordance 
yt the requirements for alarm valves (Section G). <A dry-pipe valve 
ould be fitted with an approved alarm testing device, this to be con- 
nected with water supply se that alarms may be tested without disturbing 
ee gate or air system. When a dry-pipe valve is located on the system 
side of an alarm valve, the actuating device of the alarms for the dry-pipe 
Dey be connected to the alarms on the wet-pipe system. 

ressure gauges should be provided as called for in Section F, Rule 4o. 


Dry Pipe Valves 587 


GRINNELL DRY-PIPE VALVE 


Model No. 12 


(No longer manufactured) 


Fic. 122. Names oF Parts: A, Water valve disc. B, Air valve, rubber 
ring on block tin seat. C, Connection to automatic drain. D, Latch to 
prevent valve A from reseating after it has once opened. E, Plug to per- 
mit access to latch D. J, Hand-hole plug for access to valves A and B. 
K-L, Guides for valves A and B. M, Stops to limit movement of valve. 
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GRINNELL DRY-PIPE VALVE 
Model B 


(No longer manufactured, Model A is similar to Model B) 


PLAN OF I2 


Fic. 123. Names oF Parts: 1, Metal plug or gate with water seat (2) 
and air seat (3). 5, Flexible metal diaphragm, clamped between “the two 
Parts of valve body. 6+ Air valve casting carried by diaphragm (5). 9, 
Piston which draws gate (1) from the waterway when vaive operates. It 
fits loosely in the copper and tin-plated cylinder (ro). 
which is closed by piston (9) when y 
piston (9). 


11, Drain opening 
alve operates. 12, Support for rod of 


13, 14, 17, Drip chamber and pipe. 15, Ball drip or drain 
with plunger (16) to test or release ball drip 
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GRINNELL DRY-PIPE VALVE 
Model C 


(No longer manufactured) 


Mit, 
May, 


Fic. 124. Names oF Parts: 1, Valve body. 2, Cover plate (some valves 
of this type have a concave cover plate). 3, Bronze water seat. 4, Bronze 
clapper which closes water seat. 5, Babbitt air seat. 6, Rubber ring or 
diaphragm. 7-8-9, Casting, arm, and pin. 10, Latch weight which pre- 
vents reseating. 11, Drip valve which closes when valve operates. 16, Drip 


funnel. 
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GRINNELL DRY-PIPE VALVE 
Model D 


(Grinnel Co. Inc.) 


Fic. 125. DESCRIPTION: Type D is very similar to Type C and the same 
description applies. The throat of Type D is restricted in size and ] 
3-inch and 6-inch are manufactured the latter being used f i! 
6-inch supply pipes. i 
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GLOBE DRY-PIPE VALVE 
Model 5 


(Globe Automatic Sprinkler Co.) 


Fic. 126. Names oF Parts: 7, Water clapper. 8, Water clapper support. 
9, Water clapper cradle. 10, Adjusting screw. 11, Adjusting nut. 14 
Adjusting screw pin. 15, Tumbler. 16, Tumbler lever. 19, Intermediate 
clapper. 27, Air clapper. 30, Auxiliary clapper. 31, Air clapper catch, 
33, Trigger. 25, Ball weight. 37. Ball weight pin. 38, Ball weight link. 
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GLOBE DRY-PIPE VALVE 
Semi-Mechanical, Model B 


(Globe Automatic Sprinkler Co.) 


: aa ance: siete oF Parts: 4, Air clapper. 5, Latch for air clapper. q 
Sy ey diaphragm. 22, Water clapper. 18, Compression lever. 30, ‘ 
atch for water clapper. 28, Drip valve, } 


—— 
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INTERNATIONAL DRY-PIPE VALVE 


Models 4 and 5 


(No longer sansetaGhated) 


(“ Automatic” Sprinkler Corporation of America) 


Fic. 128. Names oF Parts: 3, Cover. 6, Ball weight. 7, Fork. 8, 
Hook. 9, Tumbler. 10, Strut. 12, Water clapper. 13, Air clapper. 16, 
Brack. 18, 19, Hinge pins. 23, Adjusting screw. 
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MANUFACTURERS’ DRY-PIPE VALVE 
Model No. 3 


(“ Automatic” Sprinkler Corporation of America) 


Fie, 
Yoke lever, 4, Releasing lever, it 


weight. 7, Adjusting screw. 
Circuit closer, 


14, Air clapper. 


129, NAMES oF Parts: 1, Air disc stem. 2 


, Rolling pin disc. 3, 
Horiontal weight lever. 6, Vertical 
8, Main hinge. 9, Stem of water valve. to, 
11, Contact pin. 12, Water valve disc. 13, Main drain. 


16, Anti-water column, 17, Air test. 20, Priming cham- 
ber. 22, Funnel Valvenssza, Priming test. 
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NIAGARA DRY-PIPE VALVE 
Model E 


(No longer manufactured) 


(“‘ Automatic” Sprinkler Corporation of America) 


4, Lower toggle strut. 
Fulcrum 


Names oF Parts: 3, Water clapper. 
6, Compression screw. 7, Plunger. 9, 
12, Trip lever. 15, Air pot 


23, Priming chambers. 24, Pail drip. 
27, Horizontal strut pin. 28, Weight pivot pin. 29, 
36, Air disc. 


Fic. 130. 


5, Upper toggle strut. 
lever. 10, horizontal strvt. 11, Weight. 


clapper. 18, Electric circuit closer. 


25, Upper strut pins. 
Weight lever. 33A, Weight hook. 
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ROCKWOOD DRY-PIPE VALVE 
Model A 


(Rockwood Sprinkler Co.) 


77 = oa 
+ ep 
re 


Fic, 3131. Names oF Parts: A, Air and water disc. D, Lever. E, 


Weight. B, Hinge. J, Water Seat. L, Latch, N, Intermediate space ; 
between air and water seats, P, Drain, ; 


F. P. C. DRY-PIPE VALVE 
Model A, 


(¥ire Protection Co.) 


Zig 


Y 
Y 


5. ee- 


oe 


3 ie 
2 


¢ 


Names oF Parts: 4, Air clapper. 6, Water clapper. 9. Water 
16, Link arm. 19, Air 


FiG> 132. 
valve seat. 1o, Rocker arm latch. 11, Drip valve. 


valve seat. 20, Rubber ring. 


: 
4 
- 
7 
: 


’ : 
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Fic, 133. 
arm latch. 
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F. P. C. DRY-PIPE VALVE 
Model K. M. E. 


(Fire Protection Co.) 


NAMES OF Parts: 2, Air clapper. 


10, Drip valve. 13, Short link, 14, Long link. 
ring. 16, Air valve seat. 


3, Water clapper. 


7, Rocker 


15, 


Rubber 
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GRINNELL DRY-PIPE VALVE ACCELERATOR 


(Grinnell Co., Inc.) 


Fic. 134. Description: 2, Upper chamber. 3. Restricted orifice (this 
can be removed for examination or test by taking off plate 15). 4, 
Lower chamber. 5, Rubber diaphragm which actuates plunger 6, strikes 
weight 8, and this in falling strikes and opens ball valve 10. Air from the 
sprinkler system enters at 13, and is controlled by valve 14. Pipe 11 is 
the outlet from accelerator and leads to the intermediate chamber of a 
differential type of dry valye. When a sprinkler operates the pressure is 
reduced slightly in 4, but is not reduced in 2. This causes a movement 
of diaphragm 5, and air escapes from valve 10, and creates a pressure in 
the intermediate chamber and trips the dry valve. With Grinnell Dry- 
Pipe Valves, Types A and B, pipe 11 leads to an auxiliary device, so de- 
signed that the air pressure acting on the diaphragm, opens a valve and 
allows water pressure from the water supply to enter the dry valve chamber 
and trip the dry valve. 

A slight sudden drop in air pressure will trip or open both the accelerator 
and the dry-pipe valve; therefore, greater care is necessary in drawing off 
or blowing out water of condensation or slow drainage, in testing for 
water column and in reducing high air pressure. The only safe way to 
make these tests is as follows: 

1. Close Globe Valve 14 which controls the accelerator. 

2. Remove large head plug 18 to release the air pressure in upper cham- 
ber 2 of the accelerator. 

3. Blow out water at each test, vent or drain valve, or release the excess 
of air pressure in the system in the usual manner. 

4. Replace plug 18 and then open wide Globe Valve 14 and strap or 
seal it open. 


Directions for Setting Accelerator 
If the dry-pipe valve has opened, close the main gate valve and drain 
the system in the usual manner, and then close Globe Valve 14 (Fig. B). 


Set and prime the Dry-Pipe Valve, pump air into the System, close the 
Main Draw-off Valve, and partially open the Main Gate Valve in the 


» 
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usual manner. See that both the Air and the Water Seats of the Dry- 
Pipe Valve are tight, then close the Main Gate Valve. 

With the Globe valve 14 closed, open triangular Hand-Hole Plate 16 
(Fig. A) of the Accelerator. Remove Plug 18 (Fig. B) and see that 
there is no water in Upper Chamber 2. Push Diaphragm Rod 6 (Fig. A) 
into position as shown, then replace Plug 18. : : 

Partially open Globe Valve 14 and see thdt there is no water in the 
3-inch connection from the System, Then close Globe Valve 14. ‘ 

Carefully clean Ball Valve 10 (lig. A) and its Seat 11, lift Lead Weight 
8 to a vertical position, and replace Hand-Hole* Plate*16. Never apply 
grease, tallow, or any other oily substance to Ball Valve 1o or Seat 11. 

With Globe Valve 14‘ still closed, prime Ball Valve 10 by opening 
Priming Valve 12 (Fig. B) and slowly pouring water into the Priming 
Cup attached until no more water will enter the Accelerator. (As _ there 
is no‘vent'to the Accelerator, priming water will enter same very slowly. 
Nearly.a pint of water is necessary to properly prime Ball Valve 10.) 
Tightly close Priming Valve 12 and open Globe Valve 14. 

See that Ball Valve 10 is tight, otherwise the water or air will come 
out at Ball Drip on Dry-Pipe Valve. If Ball Valve 10 is not tight, close 
Globe Valve 14 and again clean Valve 10, etc. If Ball Valve to is tight, 
open wide the Main Gate Valve under the Dry-Pipe Valve and the Ac- 
celerator and the Dry-Pipe System are in service. 


Before Leaving the Accelerator 
1. Be sure that Plug 18 is screwed into place. 


2. Be sure that no water or air appears at Ball Drip on Dry-Pipe Valve. 
3. Make sure that-Globe Valve 14 is opened wide and sealed or strapped. 


ee 
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GLOBE DRY-PIPE VALVE ACCELERATOR 


(Globe Automatic Sprinkler Co.) 


Z 
Y 
Z 
g 
4 


ists of a cast-iron 
_ Description: The Globe Accelerator consis : 

Saget encloses three chambers Lae ehiember by paceseey a 
i t middle cha yar- 
ee. oe eee peneraiee The * sylphon’”’ has a free erties 
i ; i iti by a spring No. 
inch, but is held to its extended position b : ). 
Ca le ee chamber has a restricted patene an Grintinn cate 

i in cut, py which air passes back an or i 
ing the fee weight, and associated parts. The middle 
Peaumber has a piped connection with the system by which the erste os 
: eae is maintained in it, and this pressure filters to the mpper c ae ee 
pee h the restricted orifice, thereby equalizing the pressure on each side 
ae ine ‘““ sylphon.” The bottom chamber, uormally, has no pressure in 
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it beyond the “atmospheric pressure that exists: in the “ intermediate ” 
chamber of the Dry Valve—and the intermediate chamber of Dry Valve 
and bottom chamber of Accelerator are connected by piping. This piping, 
normally, conducts any leakage of Dry-Valve seats to the orifice No. t2, 
where it is discharged into the drain pipe. ‘ ; 

When a sprinkler operates the pressure is reduced in the Middle Cham- 
ber more rapidly than pressure can fall in the Upper Chamber, because 
the air cannot escape through the “platinum eye” at the same speed. 
The trapped air in the Upper Chamber, therefore, expands and overcomes 
the tension on the Spring No. 59, tending to force the sylphon downward 
and this force, reacting on the bell crank lever overturns the Weight No. 4. 

When the Weight falls, the Toe raises the Main Valve Lever No. 5, 
thereby opening the passage between the Middle Chamber and the Bot- 
tom Chamber, which is normally closed by the Main Valve No. 6. The 
Drain Opening No. 12 is simultaneously closed, when the Main Valve No. 
6 is raised from its seat, by the upward movement of the Release Rod No. 
9, allowing the Drain Valve No. 13, and associated parts, to close the 
Drain Opening No. 12. This permits air Pressure equivalent to the sys- 
fem pressure to build up in the Atmospheric Chamber of the Dry-Pipe 
Valve and trip the Valve. 


“ AUTOMATIC” EXHAUSTER FOR DRY SYSTEMS 


(“ Automatic” Sprinkler Corporation of America) 


Fic. 136. D : 
Sheraiioe oe he oe The purpose of the Exhauster is to hasten the 
y-Pipe valve after the opening by fire of a sprinkler 
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head. The device accomplishes this result by opening at the dry valve 
a 2-inch discharge that quickly dispels the air pressure, bringing it down 
to normal operation of the dry-valve, and is unlike other devices of this 
general class that hasten the tripping point of the valve, regardless of air 
pressure. 

_ When a dry-pipe system is in operative condition, air of equal pressure 
is present both below and above the diaphragm ‘' A.” This diaphragm 
separates chamber “B” and “C” with a communication through re- 
stricted by-pass ‘‘ D,” the detail of which is shown in Fig. 2. 

When a sprinkler head opens, the air pressure in the piping system is 
quickly reduced and the air pressure in chamber *‘C” which is directly 
connected with the piping system immediately feels the reduction, while 
chamber “‘B,” retains its pressure because the air cannot quickly flow out 
through the restricted by-pass *\D”’; the higher pressure remaining in 
“ B,” being stronger than “ C,”’ expands diaphragm “ A,” pushing it down- 
ward, opening valve ‘“‘ E,”’ allowing the air from the piping system to 
flow into the portion of the dry valve known as the intermediate chamber 
trom which it escapes into the atmosphere. 

This escape of air (a full flow of a 2-inch pipe) plus that through the 
open sprinkler head quickly dispels the air, allowing the pressure to drop 
to the normal tripping point ot the valve. When the dry valve trips, the 
outlet to the atmosphere chamber from which the air was allowed to es- 
cape is closed, preventing the escape of water. 

The Exhauster must always be located above the priming water level 
= the dry-pipe valve so that air only will enter when the system is set 

ry. 

Before the Exhauster is installed remove cover 54-3 and examine Cham- 
ber “‘C” and disc “ E.” If any foreign matter is found remove it, as 
“C” and *‘E” must be free from obstruction. Next remove plug 54-12 
and see that openings ** K”’ in vent plug are not obstructed. Replace plug 
54-12 and cover 54-3, making sure that gasketed joints are tight. 
Instructions for Setting. 

Proceed to drain dry-pipe system as explained on Dry-Pipe Valve In- 
struction Card—in addition to which back out plug 54-12 and vent hous- 
ing 54-13, allowing any water that may accumulate in ‘“‘B” to empty 
itself. Remove any foreign matter from the holes “‘K” in vent housing 
and from the metal cloth screen on the threaded end. After water has 
drained out, replace vent housing 54-13, screwing same to its seat against 
the gasket 54-22. This joint must be absolutely tight. Replace plug 
54-12, making sure that a tight joint is made and proceed to set the dry- 
pipe valve as outlined on dry-pipe valve Instruction Card. | 

Although the ‘‘ Automatic ” Exhauster is designed primarily for use on 
the International Dry-Pipeé Valve, it can be applied to any other type of 
dry-pipe valve by means of an ‘‘ Automatic Exhauster Adaptor.” The 
Kaaptor is a special diaphragm operated valve, which closes the discharge 
outlet when water enters sytem. 
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DELUGE VALVE 


(“ Automatic ” Sprinkler Corporation of America) 


a 


a 


a 


Fic. 137. DEscrIPTION : Designed for use under special conditions of 
extreme hazard, and is recommended by the makers for systems protecting 
film vaults, manufacture and storage of Pyroxyline 
making water curtain automatic, small sections ordinarily on cold weather 
valve, cold storage, japanning 

his apparatus differs from prinkler systems as follows: 

It operates on the “ Rate of Rise” 
extreme quickness of operation. 
System side and valve acts intantly, 
vance notice of the fire is giv 
detection, sufficiently in advance of 4 head opening to permit first aid to 
extinguish the fire without water damage. Water is on the sprinkler when 
it does open. 
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The valve proper consists of a differential check valve similar to a 
dry valve with a differential of 2.5 to 1. There is a water valve seating 
horizontally and an upper valve, corresponding to the air valve in a dry 
valve, seating at an angle of about 45 deg. The outlet pipe takes out of 
the intermediate space instead of above the upper valve as in a dry valve. 

There is a chamber above the valve which is normally filled with water 
under the system pressure by means of a by-pass containing a restricted 
area. 

The device is operated by one or more Release devices similar to the 
Lowe.Release Box, each covering an area of 1,000 to 1,500 sq. .ft. These 
consist of a closed receptacle containing aid and a slow leak element. 
When heated the air expands slightly and this increase in pressure is 
transmitted through a small pipe to a diaphragm and releasing mechanism 
I, mounted in a waterproof compartment N at the valve. The tripping 
device releases the weight W which drops and opens the relief valve J, 
thereby reducing the pressure in the chamber H above the valve. The 
water pressure then forces the valve open and water flows to the system. 

The valve has a manual as well as an automatic tripping attachment. 

The sprinkler heads on the system may be either automatic or open, 
or a combination of both, and normally there is simply air under atmos- 


._pheric pressure in the pipes. In hazardous places,’the pipe sizes may be 


increased in size and the spacing made closer than normal. The usual 
electric and rotary gong may be connected direct to the discharge pipe. 
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CHAPTER 33 


SYPHO CHEMICAL SPRINKLER SYSTEM AND 
SERVICE 


(“ Automatic” Sprinkler Corporation of America) 


1, It is recognized that a large percentage of fires in properties 
equipped with automatic sprinklers are extinguished or held in 
check by one or two sprinklers. This is especially true with prop- 
erties where the conditions are not favorable to a quick spread of 
fire as in the so-called non-hazardous properties such as hotels, 
schools, office buildings, and some classes of mercantile and manu- 
facturing properties with relatively slow burning contents. 

2. It is further true that in localities where there is no adequate 
city water supply available for a supply to automatic sprinklers, 
the cost of obtaining good water supplies such as a tank or pump 
may be prohibitive for the smaller and less hazardous properties. 

3. The Sypho Chemical sprinkler system was designed for prop- 
erties where the conditions are such that not more than one or 
two sprinklers would probably open in a fire and where a satisfac- 
tory water supply for the regular sprinkler system is not available. 

4. The regular automatic sprinkler head and standard spacing 
is used. Smaller feed pipes are provided as the system is designed 
to feed not over three sprinklers. The supply is a tank which is 
generally of two hundred gallons capacity, and this tank is nearly 
filled with a solution of bicarbonate of soda. There is also an 
acid container and means by which, when a sprinkler opens, this 
acid is syphoned into the soda solution. 

5. In general Principle, therefore, this is a chemical fire extin- 
guisher of the well-known soda and acid type, connected to a 
specially designed sprinkler system. The sprinkler pipes are filled 
with a calcium chloride non-freezing solution. 

6. This system has been approved as a whole by the Underwrit- 
ers’ Laboratories and this approval not only includes all mechanical 
features but also a maintenance and inspection service, 
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Fic. 138. SyPHO CHEMICAL SYSTEM. 
(Courtesy of “ Automatic” Sprinkler Corporation of America) 
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7. The approval provides that the system shall only be used 
where the conditions are such that not over 2 or 3 sprinklers are 
likely to operate, for it is evident that, with the very limited supply 
of extinguishing liquid, the tank would be drained very soon if 
several sprinklers operate. Great care must be exercised in the 
selection of properties, and there have been cases where this system 
has not taken care of the fire because the hazard was too severe, 
and a considerable number of sprinklers opened. 

8. The system has alarm attachments so that prompt notification 
should be given if a sprinkler head operates. 

9. The Sypho Service is rendered by “ Automatic” Sprinkler 
Corporation of America and comprises its approval of the plans 
of the equipment proposed for the customer, rigid specifications 
for installation, inspections to insure compliance with the specifi- 
cations, and periodical inspections of the System after installation, 
all to make sure, through a Service of Supervision, that the in- 
stalling company furnishes a proper equipment to meet the needs 
of the individual case, that the System is properly installed, and 
that the installing company maintains the equipment in its original 
high state of efficiency. 


NAMES AND FUNCTIONS OF PARTS. 


10. In connection with the following description, see Fig. 138. 

1. Main retaining drum of capacity of 200 gallons, containing 
bicarbonate of soda solution. 

2. Discharge pipe through which liquid is forced out of retain- 
ing drum. In the discharge pipe just above retaining drum is a 
special valve housing containing : 

a—A valve that is locked in the open position while the system 
ORS Aa normal condition, but is automatically unlocked by 

the generation of pressure in. the piping. The valve can 

only be closed after the system has been put in fire condi- 
tion. This feature prevents’ the malicious or accidental 
closing of the valve. 

check valve which normally prevents the liquid in the 
_ system from running into the retaining drum. 

3. Triple syphon dome containing three charges of sulphuric acid, 


the primary, the secondary, and the main or sustaining and pres- 
sure regulating charge, 


b—A 


‘ 


— 


_ 
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4. Outline of acid containing syphons. 

5. Automatic sprinkler piping. 

6. Automatic sprinkler head. 

7. Expansion chamber at top of riser pipe. 

8. Suction pipe inside discharge pipe connecting expansion cham- 
ber with primary charge acid syphon. 

9. Pressure pipe connection with electric and mechanical alarms. 
The mechanical water motor alarm’is operated by the building 
water supply. 


METHOD OF OPERATION. 


11. The successive steps which will take place in very rapid 
succession when an automatic sprinkler head fuses, are as follows: 

a—The initial flow of water (or of water and a non-freezing 
chemical) causes'a drop in the liquid level in expansion, 
Chamber 7. 

b—This drop-in level causes a suction which is transmitted 
through 8 to primary acid charge in triple syphon dome. 

c—This suction causes the primary acid charge to overflow into 
the secondary acid charge, thus automatically starting the 
secondary syphon and emptying the contents of both 
syphons into the bicarbonate of soda solution in~ the 
retaining drum 1. This creates pressure and discharges 
contents of 1 through the sprinkler or sprinklers. 

d—The gas pressure produced enters the interior of the main 
-acid syphon until a pressure equilibrium is established. 
Upon the dropping of pressure in the retaining drum, 
acid from the main syphon is discharged into the retain- 
ing drum and the pressure thereby raised. The result: is 
an effectively sustained and remarkably uniform discharge 
pressure. ; 

e—When the fire is out, valve at base of riser may be‘ closed 
to prevent additional water damage. 


CHAPTER 34 
OPEN SPRINKLERS 


1. The use of a water curtain on the outside wall of a building 
probably antedates automatic sprinklers. In the early years of 
automatic protection, the sprinkler head with the strut removed or 
a similar device was used on the peak of combustible roofs and 
at the eaves of buildings, especially wooden buildings. These open 
sprinklers were placed eight to ten feet apart and fed by piping 
with pipe sizes the same as for automatic sprinklers or larger 
where a number of open sprinklers were fed from one end. These 
sprinklers were arranged or designed to distribute the water over 
the roof or side wall and protect against fire in neighbcring or 
adjacent properties. 

2. Later on, special types of open sprinklers were designed to 
protect window openings in brick walls, the sprinkler being placed 
near the top of the window, and the water discharging against 
the glass, and covering the entire window with a sheet of water. 

3. In all cases the water is turned on when needed and generally 
the controlling valves are located in the basement or first story. 
The water supply is generally independent of the automatic sprin- 
kler system and usually the outside or open sprinklers are con- 
nected to the city main as it is necessary to have available a 
considerable volume at good pressure. Tanks are not generally 
satisfactory because of the limited supply of water, but pumps 
can be used if there is plenty of water for the pump. 

4 Almost all of the older types had one half inch openings, the 
same as the automatic sprinkler, but the modern types are %, xs, 
and % inch orifice. (See Rules following.) With these modern 
types, considerably less water is needed for effective service, and 
ten to fifteen gallons a minute is the average discharge for a 
modern system of fair size. In determining the necessary supply 


for the side of a building with a considerable number of average 
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GRINNELL HILL 


ROCKWOOD = 
Window GRINNELL sacl Cornice 
d Ww 
Approved Shovel > calea Obsolete 


Old Pattern 


GLOBE ae 2 
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Approved Old Pattern New, 


7 WALWORTH 
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sized windows, not less than ten gallons per window per minute 


should be provided. 
5. Where this kind of protection is desired for more than one 
side, or where there are a large number of sprinklers on one side, 
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Fic. 140. SrTanparp Open SPRINKLER System DIAGRAM, 
(Only one half of system shown.) 


the system should be divided vertically with separate shut-off 
valves for each section, not over 50 heads per valve. 


6. In some cities where street mains are large and pressures high, 
open sprinkler systems can often be used without having any 


A 


‘i 
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serious effect on the water supply needed for hose streams and 
for automatic sprinklers. It must be realized, however, that 
the best city water supplies may be seriously impaired at time 
of conflagration. If the water supplies are of limited volume, 
care must be taken to limit the number and use of open 
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EXPERIMENTAL OPEN SPRINKLER SysTEM DIAGRAM. 


Fic. 141. 
4 (Only one half of system shown.) 


sprinklers so as not to overtax the water supplies and cripple 
or render ineffective fire protection of, greater value. 
7, Outside sprinklers on openings 14 brick walls have shown 


excellent results in a large number of fires, including the Baltimore 
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and Toronto conflagrations. While not the equivalent of wire 
glass windows or shutters, experience shows that the water curtain 
will keep the window intact.even with moderately severe exposure 
fires. ; 

8. The rules reprinted below are found in the same National 
Board booklet as the rules covering automatic sprinklers. Build- 
ings having brick or other masonry walls, and frame buildings 
which may have to be wet down in their entirety, are covered. 

9. Fig. 140 shows the test results on a system erected in accord- 
ance with the rules, and Fig. 141 an experimental system which a 
committee of the National Fire Protection Association tested in 
1907. The Factory Mutuals make use of a system practically 
identical with this experimental system. 

10. Open sprinkler systems have by experience been found 
easily to clog with dirt, scale, mud, insects, etc., and periodic 
tests, not less than one per year, are therefore essential. More 
frequent tests, while desirable from a fire protection standpoint, 
are objectionable because of the soiling of building walls, pos- 
sible leakage through windows, and interference with work 
within the building and with trafic on streets. 

11. When open sprinkler systems are tested, it is desirable to do 
the following: 

a—Make certain that all windows are tightly closed so as to 

avoid leakage. 

b—Ascertain that water from open sprinklers will not run into 

basement, where it may damage stock and where, under 
the worst conditions, it might even put out fire under 
boilers if these are located at a low point. Curb walls 
around cellar window openings and shields to deflect 
water may be necessary, 

c—Rough diagram of the sprinkler system should be prepared 

and record made on this of any sprinklers which fail to 
operate properly. 

d—Promptly after completion of tests, clogged heads should be 

removed, cleaned, and replaced. 

e—All portions of a more extensive system which might be 

used at the same time should be tested out simultaneously 
to make certain that the water supply is ample. 
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f—It should be ascertained that at night and at other times 
when plant is not in operation, watchmen, firemen, or 
others in building understand the operation of the sprin- 
kler system, and particularly that they will not put it into 
operation until windows are tightly closed and the like- 
lihood of internal water damage is reduced to a mini- 
mum. 

12. See Fig. 139 for illustrations of open sprinklers of differ- 

ent types, and of both approved and unapproved designs. 


NATIONAL BOARD RULES 


(Automatic Sprinkler Rules— 1922 Edition) 


13. The regulations of the National Board of Fire Under- 
writers governing the installation of open sprinkler requirement 
are found in the same booklet as those pertaining to automatic 
sprinkler equipment and are as follows: 


SECTION L—OPEN SPRINKLERS 
(For Protection against Exposure) 
WINDOW SPRINKLERS 


85. Discharge Orifice—Where there is but one horizontal line of window 
each head should have a smooth bore tapering outlet with an 


inklers, ou 
acted orifice %-inch in diameter. Where the conditions call for 
more than one line the following size orifices should be used: 
2 lines. 3 lines. 4 lines. 5 lines. 6 lines 
line. 3/8-in. 3/8-in. 3/8-in. 3/8-in. 3/8-in. 
aan pincer 5/16-in. 5/16-in. 3/8-in. 3/8-in. 3/8-in. 
Next lower. 1/4-in. 5/16-in. 5/16-in. 5/16-in. 
Next lower. 1/4-in. 5/16-in. 5/16-in. 
Next lower. 1/4-in. ee 


Next lower. 


i ix lines ar ‘ = 

ed ea aAca risers, and Ps same, cases fais, may pe ace ae 

ix li less are used. us where eight lines w > 

Fe ee linea shold be on one riser according to the above table and 

i imilarly arran ‘ 

eel evi ines eamilarly be left to the Inspection Department 

1 . . ri . 

bares, pote tesae head should be. clearly markca on the outside as to 

hether §-inch 5/16-inch or 24-inch orifice. : a ot, nae 
w'Where ‘windows are 3 feet or less in width a size smaller orifice ‘ 
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quired by this rule may be used, except that in no case should a size smaller 
than 4-inch be used. f : 

86. Pipe Sizes—No branch line should have over six sprinklers where 
central riser system is used. Where gridiron system (i. e., a riser at each 
side with sprinklers located on the connected pipes) is used, the lines be- 
tween side risers should not have over twelve heads. Branch line pipe 
sizes should be as follows, this applying with either central riser or grid- 
iron system. With the gridiron system the end head is considered as being 
the one directly in the center (or on either side of center if the number on 
line be even). . . : 

(a) For §-inch orifice: one head on a $-inch pipe; two heads on a 1-inch 

pipe; four heads on a 14-inch pipe; six heads on a 14-inch pipe. 

(b) For 5/16-inch orifice: one head on a #-inch pipe; three heads on a 

1-inch pipe; six heads on a 14-inch pipe. ‘ 

(c) For }-inch orifice: one head on a 3-inch pipe; five heads on a 1-inch 

pipe; six heads on a 14-inch pipe. f ; 

Where heads are over twelve feet apart special pipe sizes in excess of 
the requirements given below should be used. 

87. Risers and Feed Mains—Central feed risers. 


14-inch. Not over 6 heads. 
2 -inch. Not over 1o heads. 
24-inch. Not over 20 heads. 
3 -inch. Not over 36 heads. 
34-inch. Not over 55 heads. 
4 -inch. Not over 72 heads. 


For gridiron side feed risers, use the same sizes counting to the center 
of each line. If number on line is odd the center head may be neglected 
in figuring size of side risers, except that pipe feeding both risers must take 
into account all sprinklers which it feeds. Where feed main (including 
risers to the first branch line) is over twenty-five feet in length, feed main 
should be at least a size larger than the tables require. Where there is 
more than one riser, size of feed mains should be determined by the In- 
spection Department having jurisdiction but should never be less than the 
full equivalent of the two largest risers. 

At all dead ends a tee instead of an elbow should be used and a piece 
of pipe 6 inches long with brass plug in end should be screwed into tee 
to form a pocket for collecting dirt. 

Where sprinklers run on two adjoining sides of a building with separate 
controlling valve for each side, the end lines should be connected together 
with check valves so located that one head: around the corner will operate 
when valve is opened. The intermediate pipe between the two check valves 
shall be so arranged as to drain properly. 

Strainers of a standard type should be installed at base of risers, or in 


connections to same. Strainers should be so locat i z 
cessible for cleaning. ee er ae 


Se cee ened wrought iron (or other standard) pipe should be 
me l for the equipment as far back as the cast iron pipe. All galvanizing 
fo) pine Paha re done 4 a careful and thoroughly workmanlike manner. 

Pipe shou e securely supported i m 
quired for automatic Efinklers” CECE i: Bo SERN eB Maney Te 

All pipe should be carefully inspected before being installed. 


Feotting uve Whete central feed risers are used each should have a con- 
towethns UNS) here side feed risers are used they are to be connected 
Walves ra a eee apd one valve so located as to control the two risers. 
eyetens* Di " e of standard type as required for automatic sprinkler 
inch high pe ae ts Ma eaee ihe Led Hees not less than one-half 
d . ser v i 
accessible, preferably in first story.” By RN Oi ata ap! 
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_90. Drainage—All pipes and fittings should be carefully arranged and 

pitched so as to thoroughly drain the entire system as far back as the 
inside riser controlling valve. Drip pipes shall be not less than 1 inch 
in size. 

91. Location and Number of Sprinklers—For windows not exceedin: 
five feet wide one sprinkler should be placed at center near top, so locate 
that the water discharge therefrom will thoroughly wet the upper part of 
the window, and by running down over the sash and glass wet to the 
greatest extent the entire window. Where windows are over five feet wide, 
or where mullions interfere, two or more heads should be used; this, to- 
gether with size of orifice, should be determined by the Inspection Depart- 
ment having jurisdiction, it being understood that two 4-inch heads are ap- 
proximately the equivalent of one §-inch. 

For windows five to six feet wide one sprinkler may be used by special 
consent of the Inspection Department having jurisdiction. 


92. Water Supply and Control—Supply to open sprinklers should be 
town waterworks, standpipe, pump or fire department connection, but 
never pressure or gravity tank used to supply automatic sprinklers, except 
that such gravity tank may be used in case additional capacity is provided. 

Where water supplies feed other fire protective appliances, such as auto- 
matic sprinklers or hydrants, system should be so arranged that there is no 
danger of impairing the efficiency of such other devices, and water supply 
should be of sufficient capacity to adequately feed such appliances even with 
the open sprinklers in operation. Supply should be of sufficient capacity 
to feed all sprinklers designed to be operated at one time and maintain not 
less than 10 pounds pressure at top of riser for a length of time depending 
on conditions, but not less than 60 minutes. Where fire department con- 
nections are used they shall be located so as to be safe from the exposing 
fire, as in the rear of building if exposure is on the front. Where other 
water supplies are used and it is desirable or necessary to save such sup- 
plies for other service in case the open sprinklers are ineffectual, locate a 
controlling valve or valves outside the building itself and accessible as re- 
gards the exposure fire. Such valves may be located in proces cut off 
valve rooms or pits by special consent of the Inspection Department hav- 
ing jurisdiction. Underground controlling valves should be in approved 
pits with manhole or be fitted with standard post indicators. 


93. Sprinklers—Only such types of window, cornice, side wall or ridge 
pole sprinklers should be installed as have been standardized for such use. 


94. Gauge Connections—Plugged outlets for gauge connections should be 
provided at the top of each riser and just below the controlling valve of 
each riser. Such outlets should be piped into the building for the purpose 
of conveniently attaching a test pressure gauge. 


CORNICE, SIDE WALL OR RIDGE POLE SPRINKLERS 


(For use in protecting frame buildings, mansard roofs, etc.) 

. Location, Size of Orifice and Nur ber—Where one line only is re- 
uses as for the mansard roofs of a brick building or for low frame build- 
ings, the heads should not. be less than #-inch orifice and not over eight 
feet apart on the line. Pipe sizes and arrangement should be the same 
as for window sprinklers. Where the number of sprinklers and water sup- 
plies admit, it may be desirable to use a 7/16 or 4-inch orifice with pipe 
sizes not less than the katlowings 1 on 1-inch; 3 or 1% inches, 5 on 1 
inches, 8 on 2 inches. Where frame buildings are over two stories high 
it will be generally necessary to have two or more horizontal lines, pref- 
erably one line at each of the upper stories beginning at the eaves line, the. 
heads located over each vertical row of windows where windows are not 
over eight feet center to center. Size of orifice and pipe sizes should be 
same as for window sprinklers except by special cousent of the Inspection 
Department having jurisdiction. The value of open sprinklers for frame 
buildings is much enhanced by the use of wood shutters at all window 


openings. 
Authors’ Note—The use of a regular automatic sprinkler head with the 
strut removed may be accepted for ridge pole and similar duty. 


CHAPTER 35 
SIGNALING SYSTEMS AND WATCHMAN SERVICE 


1. The regulations of the National Board of Fire Underwriters 
bearing on signaling systems cover the following: 


a—Municipal fire alarm systems. 
Circuits, current supply, boxes, sounding devices, etc. 
Class A: Manually operated systems. 
Class B: Automatic repeating systems. 
Class C: Automatic non-repeating systems. 


b—Signaling systems for the transmission of signals affect- 
ing the fire hazard. 
Class A: Central station systems. 
Manual fire alarm systems. 
_ Watchman’s time-recording systems. 
Automatic fire alarm systems and Thermostats. 
Automatic sprinkler alarm and supervisory systems. 
Class B: Auxiliary fire alarm systems. 
Class C: Fire alarm systems with fire drill devices. 
Class D: Local systems. 
Automatic journal alarms. 
Watchman’s time-recording apparatus. 
Local automatic sprinkler alarms. 
Note: Automatic sprinkler supervisory and local 
alarm systems are covered in chapter 31. 


. 


c—Radio signaling apparatus. 

2. The signaling systems such as those with which this chapter 
deals are designed to give absolutely certain service at any time 
and often under unfavorable conditions. It follows therefore that 
it is essential that: 

a—Only approved apparatus, wire, cables, batteries, and other 

appliances be used in their installation. 

b—Skilled workers be employed in installation work. 

c—Competent persons have charge after installation. 
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d—Periodic inspection and test not only of circuit and trans- 
mitting device, but also of the detecting element itself in 
fire alarm systems, to be made by responsible persons, and 
records kept for review by municipal authorities, under- 
writers, and others interested. 

3. Auxiliary systems connected with municipal fire alarm sys- 
tems are naturally under the supervision of the municipal au- 
thorities, and many of the better’ types of private fire alarm 
systems are leased from operating companies. There has, how- 
ever, been a steady increase in the number of high grade systems 
owned and operated by individual plants, and it is no longer true 
that private systems are, of necessity, of the less reliable open 
circuit type. 


MUNICIPAL FIRE ALARM SYSTEMS AND 
THEIR AUXILIARIES 


4. The section on municipal fire alarm system beginning on 
page 305 prepared by the engineers of the National Board of Fire 
Underwriters gives in condensed form the essential facts covering 
municipal fire alarm systems, telephone service, and radio. No 
attempt is made in this book to go into details of fire alarm engi- 
neering, which is a highly technical subject. The purpose is ta_ 
set down the services that can be secured from different forms of 
apparatus and systems, especially for the individual plant or prop- 
erty. It may be mentioned that the use of the word “ manual ” 
and “automatic” in paragraph 1 refers to the manner in which a 
signal received at fire alarm headquarters is relayed to the fire 
company stations. 

5. The necessity of having an alarm of fire transmitted promptly 
to the fire department by whoever discovers fire would seem to be 
self-evident, and yet comparatively little attention has been paid 
to this feature as regards ability to send out the alarm from inside 
the plant. In a few cases we find that a private city fire alarm 
box has been installed in a plant, but this is not common. Much 
ingenuity as well as money has been spent on the fire department 
house and its appurtenances to save every second possible after 
alarm has been received, also as regards the city fire alarm 
system that no delay may be occasioned after alarm box has 
operated, but when we come to the plant itself we find, as a rule, 


620 Handbook of Fire Protection 


no means of using to best advantage the public alarm or the 
fire department, owing to the fact that whoever discovers fire 
frequently must waste several valuable minutes in reaching the 
fire alarm box, which may be several blocks distant and its loca- 
tion not known. ; 


CITY FIRE ALARM BOXES. 


6. If the main line box is not within a reasonable distance of 
a property, it is frequently in order to consider having the city 
provide a box, even if the cost for it must be defrayed. Occa- 
sionally the city authorities will install a box free of charge, 
especially if it also benefits other property owners in the vicinity, 
but as a rule the owner is called upon to pay for the box while 
the city installs it and the necessary circuits without cost to the 
owner. a 


SIGNS AND KEYS. 


7. In any event, the fire alarm box location should be known 
at the plant and to this end it is good practice to install a liberal 
number of signs giving the location of the box and the key. 
Where the key is not kept under glass at the box, or where the 
box is not of the keyless type, a key should be secured and kept 
at the property, preferably at a prominent point, such as red, 
glass front box near the entrance door. The fire department offi- 


cials are almost always willing to distribute keys to responsible 
property owners. 


AUXILIARY FIRE ALARM SYSTEMS. 


8. Auxiliary fire alarms come under the heading of Private 
Fire Alarm Systems and form a very valuable adjunct to the mu- 
nicipal systems. Even supposing there is a fire alarm box at the 
plant, the fire may be located at some distance from the box, 
as on the top floor of a high building, or in some other more 
remote structure, necessitating a considerable delay where sec- 
onds count. The auxiliary fire alarm system largely eliminates 
this defect, and its use should, therefore, be encouraged. The 
system is simple and when properly installed auxiliary boxes are 
located on each floor or on alternate floors and at such points 
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that not more than 200 ft. will have to be traveled in order to 
reach a box. 

9. The boxes distributed about the premises are connected to 
the nearest main line one, have glass fronts, and upon this glass 
being broken and a ring pulled down, transmit alarm to head- 
quarters. Attention is called to-the fact that in such a case the 
fire department does not know the exact location of the fire and 
that it is necessary, if city box is located at any distance from the 
plant, to send some one to it to direct the department. 

10. Auxiliary systems are generally controlled by operating 
companies, which install them upon a rental basis, maintain 
them, and are responsible to the fire department for any false 
alarms which may be transmitted. 


TELEPHONES. 


11. The telephone plays a very important part in fire notifica- 
tions in this country. In many cities, especially the moderate 2 
sized ones, the number of alarms received by telephone exceeds 
those coming over the fire alarm system. 

12. Where public protection exists and connections can be 
obtained to the alarm circuit, it is not deemed good policy for 
an important plant to depend upon telephone notification alone. 
It is generally true that less apparatus is sent upon a telephone 
call for help (still alarm) than when a city box is used. 


PRIVATE FIRE ALARM SYSTEMS. 


13. For an industrial plant of considerable size and impor- 
tance, and for schools, hotels, and similar buildings, private fire 
alarm systems are generally a necessity if prompt response is to 
be secured from the private fire brigade or immediate exit made 
by the people whose lives might be jeopardized. There are three 
fundamental types of private fire alarm systems: 

a—Closed circuit electric systems. 

b—Open circuit electric systems. 

c—Manually operated systems employing whistles and gongs. 

14. Sometimes these types are used in combination, as when 


an electric alarm to the power house causes ihe whistle to be 


blown to designate the fire section, 
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15. The closed circuit electric system is, under ordinary con- 
ditions, the best, and it is almost universally used for important 
plants. Of this type, the following variations can be secured: 

a—Strictly local fire alarm systems. 

b—Local fire alarm system combined with auxiliary system 

connected to the city fire alarm circuits. 

c—Local fire alarm system combined with central station 

watchman supervisory system, through which central 
station the public fire department is called. 

d—Local fire alarm system and watchman supervision main- 

tained altogether by the plant. 

16. Types “b” and “c” are arranged so that drills can be 
held without calling the public fire department. 

17. Open circuit systems are always local in character. 

18. In the following sections are given some details regarding 
: each of these types of systems now available. 


LOCAL CLOSED CIRCUIT SYSTEMS. 


19. Local closed circuit systems always make use of circuits 
in which boxes and gongs are in series. Large systems are 
split into several circuits, and are tied together through the 
central station. The operation of any box makes and breaks 
the circuit, each break on the ordinary system releasing the 
spring wound gong mechanism and causing the gong to be 
struck by the hammer. By means of differing numbers of 
notches on the toothed wheels in the alarm boxes, different sig- 
nals are given for each box or for each group of boxes, as 
preferred. 
20. Closed circuit fire alarm boxes, by virtue of their design 
and the method of wiring, may be of one of the following types: 
a—Interfering Boxes. With such boxes the pulling of a 
second box before the first has completed its rounds 
may Cause a partial or complete loss of the signal. 

b—Partial Non-Interfering Boxes. With such boxes the pull- 
ing of a second box does not interfere with the signal 
of the first box, but the second one does not send in its 
own signak 


c—Full Non-Interfering Boxes, With such boxes the pull- 
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ing of two or more boxes does not interfere with the 
clear and complete sending of each box in the order 
pulled. These boxes commonly are termed “ succession.” 

21. A sufficient number of electro-mechanical gongs are used 
to enable them to be heard in those parts of the property which 
it has been decided to cover. In a school or hotel, the entire 
building must be covered, but in an industrial plant frequently 
only those portions where fire brigade members work, the office, 
the power house, and similar buildings need to be covered. 
Alarm boxes, however, almost always are scattered over the 
entire property. 

22. On some systems an automatic steam whistle, operated by 
the alarm circuit, is used and gongs are either entirely or largely 
dispensed with. Where the whistle is blown manually, a record- 
ing tape is generally used to avoid error in repeating the box 
number on the whistle. 

23. To be heard over the noise of machinery, riveting, and 
other noises, it is occasionally necessary to use electric horns 
instead of gongs. These usually have a local battery and are 
set in action by the opening of a relay in the box circuit, the 
opening of which relay simultaneously closes the horn circuit. 

24. Dust and fume conditions in industrial plants must be 
carefully considered before deciding on the installation of any 
alarm system or upon the kind to be adopted. 


COMBINED LOCAL AND AUXILIARY SYSTEMS. 


25. The ordinary auxiliary to the public fire alarm system gives 
no local indication, except possibly in the office, of the sending 
in of a call to the public department. It is, however, possible to 
secure a system that combines local gong notification or auto- 
matic whistle operation with the auxiliary features. This is 
practically the ideal combination of local and public fire noti- 


fication. 
COMBINED LOCAL AND CENTRAL STATION SU- 
PERVISORY SYSTEMS. 
26. As in the case of the ordinary auxiliary alarm system, the 
usual watchman central station supervisory installation, which is 


624 Handbook of Fire Protection 


combined with a fire alarm notification service, gives no local 
indication of a fire alarm having been sent. It is, however, pos- 
sible to secure a combined service giving watchman supervision, 
fire department notification, and local alarm facilities. If a plant 
needs a local fire alarm system and has the central station super- 
visory one in force, it is generally cheaper to have one system 
rather than two separate systems. It also simplifies matters if 
every watchman’s box is an alarm box, and every alarm bex will 
give simultaneously a public and a local alarm. 


PRIVATE CENTRAL STATION SYSTEMS. 


27. Private central station systems are arranged to give 
control over watchmen and the police force, and also complete 
local fire alarm service. This type of system can be used where 
central station watchman supervisory operating companies are 
not in operation or where a plant is large enough to make a 
private system advisable. 

One variation of the private central station system is combining 
with an automatic telephone call system (to locate persons away 
from their desk) either a local closed circuit fire alarm system, or 
local watchman’s supervision, or both. 


DESIGNATING DISTRICT, BUILDING, OR FLOOR. 


28. On an increasing scale, it is becoming the best accepted 
practice to designate, by means of gong strokes or whistle blasts, 
where fire has broken out or to which point the brigade is to 
respond for a drill. 

a—With plants made up of a group of buildings, it is cus- 

tomary to divide the property into districts, seldom 
over 6 in number, show these on maps posted promi- 
nently, and have all alarm box signals in each district 
begin with the same number, as 2-I, 2-2, 2-3, 3-1, 3-2, 
S-3/16tel 
Ifa whistle is used to designate the district, the prac- 
tice is generally to blow a long blast to call attention to 
the existence of a fire and to follow this by one or more 
short sharp toots to show the district. 

It is, of course, customary for gongs to repeat the 
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signals three or four times, and the same thing should he 
done with whistle blasts if they are handled manually. 

b—Sometimes the alarm system gives the building number, 
and all alarm boxes in the building send in the same 
signals, 

c—Where buildings are few in number and fairly high, it is 
customary to indicate the building number and the floor 
by a code such as that described in “a.” To know the 
floor on which fire has broken out has value in that it 
permits getting out of the building first those people lo- 
cated above the fire, and the fire brigade knows exactly 
where to respond. 


OPEN CIRCUIT SYSTEMS. 


29. Open circuit systems are the oldest and simplest electrical 
kind and consist of a wiring arrangement whereby the closing of 
any one of a number of switches, usually of the knife type, will 
ring one or more gongs located advantageously about the prop- 
erty. It is customary with such systems to use different numbers 
to indicate the locations of the sending stations. With these 
systems particular attention has to be paid to battery mainten- 
ance, which is vitally important if alarms are to be sent properly. 
Combining domestic bell batteries with fire alarm ones gives con- 
stant test. With the closed circuit type of wiring, failures of the 
batteries gives a trouble signal, but with all open circuits regular 
tests are necessary to prove the good condition of the battery. 


WHISTLES. 

30. Large plant whistles, particularly on power houses, are 
used to give alarms of fire, frequently through word being trans- 
mitted to power house by man who discovers the fire, and occa- 
sionally through alarm being received on dectric system, having 
indicator in power house. 

ZL. Where 2 property is sufficiently large to warrant its being 
divided into warious fire sections, the location of the fire can be 
indicated by the whistle blasts; for example, a long blast and one, 
two, or more short location-giving blasts. 

32. Whistle ropes and pull handles aust be readily accessible, 
and 2 signal chart shundd be posted before the operator specify- 
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ing the number of seconds that blasts should continue and the 
time spacing between blasts. Whistle ropes should be about 
Y-in. galvanized iron cables, so secured that there will be no 
danger of failure at time of fire. Drainage should be provided 
for whistle pipes so whistle will blow promptly and not first 
discharge considerable water. That there should be no possibility 
of condensation accumulating at exposed points where water could 
freeze and put the whistle out of commission is obvious. 


MANUALLY OPERATED STATIONARY GONGS. 


33. Manually operated stationary gongs are of value to call 
men together at reasonably small properties, answering to a certain 
extent the same purpose as a steam whistle. Usually a single 
large gong is sufficient. Old locomotive tires and large steel 
triangles suspended in the. open, if struck with a sledge or large 
hammer, give a large volume of sound. 


AUTOMATIC FIRE ALARM SYSTEMS 


34. The prompt discovery of fire would generally bring about 
prompt extinguishment, and as it is not practical to have some one 
on duty in all parts of a property all of the time, there are 
bound to be many instances where fire gains serious headway be- 
fore being discovered, unless some system of automatic notifica- 
tion is used. : 

35. The automatic fire alarm system and the alarm connection 
on an automatic sprinkler system are the automatic notification 
facilities available. The sprinkler has the tremendous advantage 
of an opportunity to control or extinguish the fire as well as 
ability to set an alarm in motion, and this reason is undoubtedly 
the principal one why the less expensive automatic alarm system 
has not made more rapid strides. In cases where possible water 
damage may be as serious as the loss from fire itself, or where 
an automatic fire alarm can summon the efficient aid of either a 
‘ocal or a municipal fire department, their use should be given 
more careful consideration, Experience with the original non- 
compensating types of thermostat systems has shown many ap- 
paratus and service weaknesses, and these have resulted in an 
attitude toward all types of automatic systems, both on the part 
of the public and the fire insurance interests, more unfriendly than 
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the facts really warrant. The development in recent years of 
better equipment and the use of compensating types of thermostats 
is proving very effective and as time goes on the use of automatic 
fire alarms will undoubtedly be extended. Next to automatic 
sprinklers it is the most important fire protection device, as the 
prompt detection and automatic notification of fire prevents, in 
most cases, any serious loss. Alsc this prompt notification of the 
outbreak of fire is of great value in facilitating the escape of the 
occupants of the building. 

36. Where automatic alarm systems are installed in the same 
property with automatic sprinklers, it is necessary that the auto- 
matic alarm system should operate first, giving an opportunity to 
extinguish the fire before the sprinkler heads open with the re- 
sulting damage from water. An approved automatic alarm system 
under constant test, backing up a sprinkler system, which is sub- 
ject to certain interruptions of service, provides the acme of 
protection. 


CLASSES OF AUTOMATIC ALARM SYSTEMS. 


37. There are two general classes of automatic alarm systems: 
one class in which the detectors act at a predetermined tempera- 
ture; the other class in which the detectors are “ compensating ” 
and act on a certain rise of temperature within a given time. 
The latter class is common in England and the Continent, while 
in this country the predetermined temperature class has been used 
exclusively until within the last few years. 


THERMOSTATS. 

38. The most common type of predetermined temperature sys- 
tems use thermostats designed to open or close an electric circuit 
and operate registering apparatus or cause bells to be rung at 
designated points. The thermostat may be of a fixed temperature 
type or of a type capable of adjustment to operate at any one of 
several temperatures. Of these types of thermostats the former 
are chiefly of the solder type, and the latter generally uses a 
spring of two dissimilar metals which expand unequally. The 


detecting elements may be continuous or located at designated 


points in the ceiling. ; 
39. There are several types ot solder thermostats in use, most 
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if not all of which use the same solder as automatic sprinklers 
with melting points of 160° F., 212° F., and 286° F. The 160° 
F. solder is used wherever the temperature does not exceed 125° 
F. The solder type of thermostat provides a fixed operation point, 
is reliable and simple in operation, and some designs of this type 
have already given good service. 

_ 40. For general use it would appear that the solder type of 
thermostat has many advantages over the adjustable type when 
used in connection with a simple closed circuit system. The ad- 
justable thermostat with its moving parts is liable to mechanical 
difficulties and likewise subject to misadjustments. The present 
types of this class have other objectionable features. 

41. Thermostats are usually located on the ceiling 10 to 12 ft. 
apart, and all portions of the property should be thus protected. 
They should be grouped on circuits which are separated for each 
portion of the property, the circuits ending in some form of an- 
nunciator, to indicate the location of the fire. Only the highest 
grade of wiring materials run in conduit should be used and 
installation made with good workmanship. Failure to observe 
these requirements has caused a large part of the unsatisfactory 
operations of automatic thermostat systems. Closed circuit sys- 
tems, where the wiring and parts are under constant test or 
electrical supervision, as required by the signal rules, are much 
more valuable and reliable than open circuit systems. 


COMPENSATING SYSTEMS. 


42. The chief advantage of the “ compensating ” class of auto- 
matic alarm system is that the alarm is sounded whenever the 
temperature starts to change at a certain rate, without waiting 
for the development of an amount of heat required to operate a 
predetermined temperature device or a sprinkler head located at 
definite points in the ceiling. A gradual rise of temperature, such 
as that caused by natural atmospheric changes or a heating sys- 
tem, should not give a signal. Systems not properly maintained 
may give false alarms, and if not properly installed will develop 
maintenance difficulties. The character of maintenance service 
given an Automatic Alarm System will largely determine its 
SUCCESS ; therefore, the experience and reliability of the organiza- 
tion responsible for such service should be given careful considera- 
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tion. It is evident that a system in which it is possible by mechan- 
ical tests to create fire condition throughout all the detecting 
elements, backed up with a responsible organization to carry out 
these tests at frequent intervals, will give the most effective pro- 
tection. 


APPROVED SYSTEMS. 


43. The Aero System (compensating) originally developed 
in England uses a pneumatic detector in the form of a continuous 
small copper tube reaching all spaces to be protected. Loops of 
tubing, not exceeding 1,000 feet in length terminating in two 
diaphragms, either or both of which may act in case of fire, 
make up the detecting units of this system. An adjustable relief 
valve permitting the escapement of a predetermined amount of 
air, furnishes the compensating feature, and permits of adjust- 
ment for a wide range of normal heat changes. Under ordinary 
conditions system operates on a temperature rise of 10 degrees 
F. per minute. The closure of any diaphragm starts the opera- 
tion of the local alarm bells and trips a transmitter sending the 
code number of the building to the central station or fire head- 
quarters. The transmitter and all electrical parts of the system 
are under constant test and any interference with the service will 
automatically send a trouble signal. As the operating element is 
the air in the tubing the system will function repeatedly without 
the replacing of any of these parts. In several cities this system 
is operated under full central station supervision. See Fig. 143. 

44, The Derby Fire Sentinel (fixed temperature) is an ap- 
proved fixed temperature device, set to operate at 165°, 212° aso 
or 360°, as desired. It is simple in construction, with no moving 
parts, requires no adjustment, and is affected little if at all by 
atmospheric or minor corrosive influences. This device is reliable 
in its operating and not subject to false alarms. The Sentinels 
are wired on a closed circuit system, under constant electrical su- 
pervision, so that in the event of any derangement, such as a 
broken wire, current supply cut off, or tampering, immediate noti- 
fication of trouble is given to those in authority. See Fig. 142. 

45. The Fire Detecting Wire System (fixed temperature) 
employes a continuous length thermostatic wire fusing at 180° F, 
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Case A. Derby Fire Sentinel, mounted on cover of conduit outlet box. 
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Case B. Reichel Thermopile Detector No. 3. Carries 7 pair of bismuth and 
antimony studs, which generate current upon rise in temperature. 
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Case C. Watkins Two-Coil Thermostat with cap removed. Expansion of 
thermostatic strips makes scraping contact on silver surfaces. 
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Case D. Acro Alarm Double Detector Unit connected to both ends of loop 
of copper tubing. - 
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under flash fire conditions and at 160° F. under slow heat. The 
thermostatic wire is also approved for 212°, 286°, and 350°. 

The system operates on a completely closed circuit including 
the thermostatic wire which is under supervision. The wire is 
installed flat on the ceiling on Io #t. spacing in lengths of 1,000 ft. 
or less per section. The system operates on 20 volts using either 
Primary or Storage batteries and may be either Code or Non- 
Code. If Non-Code, the alarm is sounded on vibrating gongs and 
indication given by means of an indicator drop on a centrally lo- 
cated panel. If Code, the alarm is sounded on a series of single 
stroke gongs giving the code number of the section affected. See 
Fig. 143. 

46. Fire Detection Service (Reichel System) (compensat- 
ing) uses as heat detectors, thermopiles of special design, spaced 
about 20 feet apart, connected in series with a galvanometer in a 
closed electrical circuit. Any sudden rise of temperature (at the 
rate of 18 to 20 degrees F. per minute) generates sufficient elec- 
trical current to actuate the galvanometer, causing a transmitter to 
send in a separate alarm of trouble. The thermopile detectors are 
grouped on circuits covering specified areas, with galvanometers 
grouped in one control unit which acts as an annunciator to give 
closer location of the fire. See Fig. 142. 


47. The rules and requirements of the National Board of Fire 
Underwriters for the construction, installation, and use of signal- 
ing systems include automatic fire alarm systems and thermostats, 
and should be consulted by any one before installing this class of 
' apparatus. The rules provide for only closed circuit or supervised 
systems operated through central stations, except where connected 
directly to municipal fire alarm systems with operators constantly 
on duty at the fire alarm headquarters to act on signals in the 
Same manner as attendants at a central station. 


48. Fires from signaling systems, owing to crosses with high 
tension circuits or to lightning, are rather common, and it is par- 
ticularly important that installations of signaling circuits, or of 
other circuits after signal ones are in place, be made with this 
danger in mind. Special protectors with spark gaps and ground 
wires or fuses are usually advisable, Wherever very high tension 
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crosses are a possibility, such protectors should be of special de- 
sign and located outside of important buildings. 

49. Figs. 142 and 143 show approved compensating devices and 
thermostats. In Figs. 144 to 148 are illustrated most of the other 
devices which have in the years gone by had any appreciable 
popularity. 


a 


AUTOMATIC JOURNAL ALARMS. 


50. The journal alarm is nothing more or less than a thermo- 
stat constructed and adapted for use on journals or on shafting. 
These alarms are generally set to operate at 160° F., the same as 
with the regular automatic alarm, and the solder type is more 
frequently used. It is evident that sensitiveness, ie, quick 
action, is not a factor, and the construction is therefore different, 
it not being necessary to insulate the solder or operating parts. 
The journal alarm is screwed into or fastened directly to the 
journal or bearing, so that as the- bearing gets hot the thermo- 
stat assumes the same temperature until it finally operates and 
rings the alarm. Journal alarms are used more particularly in 
grain elevators or similar plants, where shafting is liable to get 
out of line and cause trouble. It is valuable other than from a 
fire standpoint, in that heated bearings cause loss of power, and 
it is economical to have shafting properly adjusted, cleaned, and 
oiled. 


WATCHMAN’S TIME-RECORDING APPARATUS. 


51. The methods by which the actions of watchmen are checked 
up include: ; 

a—Central station supervisory systems. 

b—Reporting via telephone to point in plant. 

c—Local stationary systems. 

d—Portable watch clocks. 


52. The central station system, if properly administered, 
has the advantage of making it possible promptly to follow up any 
failure of the watchman to register his rounds. On the other 
hand, it is an expensive system to maintain and is available only 
in the larger cities. 

53. Having watchman report via telephone to a central 
point in the plant is entirely practical in connection with large 
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plants having a number of watchmen, the system being quite simi- 
lar to that used by police officers patroling beats. Special appara- 
tus combining watchmen or police supervision with local fire alarm 
service can now be secured. 

54. The stationary system, generally of the magneto type, 
except for certain types of property is not as popular as the watch 
clock because it costs considerably more money and has no par- 
ticular advantages over the portable clock. Stationary system 
upkeep is likely to be more troublesome, especially where corrosive 
influences attack wires and magneto sending stations. 

55. The approved portable watch clock is far more com- 
monly used than the other three systems put together. Approved 
portable watch clocks are quite safe against tampering, and their 
simplicity, cheapness, and general reliability has brought them 
into common use. 

56. Certain watch clocks are designed to be particularly tight 
against dust, which is an important factor in certain kinds of 


plants. 
WATCHMAN SERVICE 


57. Closely allied to the question of the watchman’s time-record- 
ing apparatus is the subject of watchman service. Commonly 
enforced insurance requirements regarding watchman service are: 


a—To be maintained nights, Sundays, and_holidays, and at all other times 
when plant is not in operation. First round to be begun imme- 
diately after operations at plant are suspended and continued until 
the arrival of such persons or person as shall relieve him of his 
responsibility. Rounds to be made at least every hour nights and 
every two hours during the daytimes. 

b—Watchman to record on approved central station system; or 

c—Watchman to record on approved watch or clock. Dials to be 
checked and changed daily unless clock is arranged to register dis- 
tinctly for more than a 12-hour period in which case dials may 

3 remain on for not over two days. Dials to be dated and kept on 

file for inspection. 

d—tThere shall be a sufficient number of stations to insure watchman 
visiting all portions of risk. Same to be located under the super- 
vision of the underwriters having jurisdiction. ' 

e—Wiring and all other matters pertaining to systems or system to be 
installed according to the rules of the National Board. 

f—Watchman to be employed for watching the plant only. 


58. The average night watchman performs a~ double func- 
tion, namely, protection of property against theft and protection 
against fire. While it is debatable in many properties whether a 
watchman may not be more of a fire menace tlian a fire preven- 
tion agency, it is generally true that the combination duties which 
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devolve upon him make it wise in all cases to have a property 
watched. 

59. Occasionally, where excellent outside protection by the 
police is available, the watchman is dispensed with, and where 
the property has sprinkler protection a sprinkler alarm system 
is connected to central station or to nearby engine house, or in 
any event to gongs on the outside of the building which will 
promptly notify passersby in event of fire breaking out inside 
the building. 

60. It is a well-established fact that a very considerable pro- 
portion of the fires in plants under watchman service are dis- 
covered by outsiders, and this of necessity is so because the 
watchman passing through the property at hourly intervals is 
not likely to be close to the seat of fire outbreak where the prop- 
erty is of some size. 

61. When watchmen discover fire they not infrequently fail 
to do the correct thing. They are prone to try to fight the fire 
rather than promptly to turn in an alarm. Occasionally watch- 
men get excited and shut off indicator posts controlling sprin- 
klers, and that is the very last thing which should be done. 

62, Watchmen have caused many fires through smoking, by 
the careless use of matches, and by the breaking of lanterns or 
the carrying of lanterns into dangerous locations. 

63. Where the watchman has a property of some size in his 
care, he should devote his energy to watching the plant and not 
be obliged to sweep up, attend fires, and do similar work. 

64. Watchmen should be fully instructed as to what to do in 
case of an emergency, and should, among other things, be able 
to do the following: 

a—Promptly locate fire alarm boxes and transmit alarms. 

b—Understand the use of all hand extinguishing apparatus. 

c—Know the use of, and the location of, various sprinkler 
valves, primarily so that they may be shut in event of a 
sprinkler failure and after sprinklers have definitely put 
out any fire that may have broken out. 

d—Operate fire pump, where it may be his duty to start this. 

65. To have capacity to acquire this knowledge and to handle 
himself properly in the time of an emergency obviously requires 
that the man in charge of the property should not be, as so often 
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is the case, aged, infirm, non-intelligent, and otherwise inefficient. 
The practice of using for watchmen men who are unfit for any 
other kind of work is certainly not to be commended. 

66. There are portions of plants where it is probably unwise 
or undesirable for the watchman to go, such, for instance, as 
closed warehouses or portions of rooms where volatile liquids 
are stored. 

67. It is obvious that even with the best of watchman service 
the automatic notification which is given by sprinkler alarms or 
by automatic fire alarm systems very materially increases the 
safety of the property. See tables on pages 744 to 746. 

68. Watch service has been carried to a fine degree by a 
number of big corporations. One important merchandising house, 
for example, has something like 60 watchmen working 30 in each 
of two 7-hour shifts, and their routes so laid out that every part 
of the property is visited every 15 minutes. 

69. There has been considerable controversy over the various 
methods employed for watching the watchmen. Because of the 
weakness in watchman service as a whole, it is probable that too 
great importance has been given to methods employed for keep- 
ing track of watchmen, and that any method which gives fairly 
reliable service should ordinarily be acceptable. See Watchman’s 
Time Recording Apparatus. 


RADIO SIGNALING APPARATUS 


70. The astonishingly rapid introduction of radio systems, and 
especially amateur receiving stations, caused the National Board 
to issue tentative regulations in 1922. The National Electrical 
Code requirements are recommended in so far as they apply, 
especially to interior wiring; in addition the following safeguards 
are suggested : 


a—Antennae to be clear of light and power wiring in event of 
a break in either the antennae or the circuit. 

b—Provision of 2-way switch connected to an effective ground, 
and system grounded when not in use. 

c—Provision, in addition, of an approved lightning arrestor of 
type operating at 500 volts or less. 
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INCENDIARISM. 


71. Incendiarism, or arson, as it commonly called, is a wide- 
spread crime, although the number of really suspicious fires repre- 
sents a small percentage of the total number occurring each year. 
The losses furthermore from such fires are a relatively small part 
of the total American fire loss. Arson committed by the owner 
of a building is virtually impossible to prevent, because he can 
put even a sprinkler system out of commission. Arson by a 
tenant is not infrequently frustrated or prevented from causing 
serious loss by sprinklers, automatic fire alarm systems, watchmen, 
or discovery by outsiders. Arson by outsiders is more easily 
guarded against, and a high degree of protection was developed 
during the late world war. Safeguards that are feasible and often 
desirable include: 

a—Fencing property. 

b—Locking buildings and protecting basement and _first-story 

windows with permanent screens. ; 
c—Police or watchman patrol. 

d—Yard illumination. 

e—Building wall illumination. 

f—Sprinkler system valves locked open; not strapped or sealed 

with wire. 

g—Plant fire alarm system. 

h—Adequate fire apparatus. 

i—Well-trained fire brigade. 

72. It is desirable that any important property, particularly 
when not located in the congested district, and especially if not 
under automatic sprinkler protection, take into account at all times 
the possibility of incendiary fires, 
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CHAPTER 36 
EGRESS FACILITIES AND DRILLS 


1. Just as a given building can safely carry only a certain 
load, so a given building should be allowed to contain only such 
a number of persons as its construction, protection, height, char- 
acter of occupancy, and exits warrant. This by no means is the 
accepted theory, but it is believed to be the coming one. Already 
some states base their limit of the number of occupants of a 
building upon the stairs or horizontal exits available, and recog- 
nize the value of sprinklers in reducing life jeopardy by making 
credits for them. There is no argument on the points that life 
is safer in an incombustible than in a combustible building, -with 
sprinklers rather than without, with vertical openings protected 
rather than open, in a low rather than in a high structure, and 
in one in which the fire hazard of the goods stored or used is 
low rather than moderate or high. The N. F. P. A. is sponsor | 
for the American Engineering Standards Committee on a Build- 
ing Exit Code and the fundamentals on which this committee is 
basing its work bid fair gradually to become nationally accepted. 


FUNDAMENTAL CONSIDERATIONS. 


2. Except in the case of explosions or flash fires, where even 
the most liberal exit facilities cannot be expected to save a por- 
tion of the persons exposed, the safe basis for determining the 
suitability of exits is the time required to empty the building of 
its occupants. The allowable time is a matter of judgment. It 
may be as low as one minute under very dangerous conditions, 
and ten minutes in a reinforced concrete, sprinklered machine 
shop. Three minutes about represents the average. 

3. The unit width of stair measure is placed at 18 in., per- 
missible in existing buildings, and 22 in., required in new build- 
ings, and the number of lines of persons that can pass down the 
stairs in a building simultaneously is therefore veadily determined. 

4. Tests have indicated that persons can pass down an ordinary 


643 


644 Handbook of Fire Protection 


flight of stairs at a rate of 45 per minute past a given point and 
on the level at 60 per minute, in both instances without undue 
haste. 

5. Under certain conditions, it may be advisable that all the 
persons in the building should be able to find ample room in the 
stair enclosures without being called upon to move down more 
than one flight to get to a point of safety. The number of per- 
sons that can be held single file, standing on every other step, 
in a stair shaft having an intermediate landing between floors, 
will probably be about ten, and where the stairs are enclosed, as 
many as fifteen people can usually be accommodated in a single 
line. 


6. If a horizontal exit to another fire section or to another 
building is available, and if it is certain that it cannot be locked 
against those seeking exit, the Building Exit Code Committee 
specifies that the number of persons who are accommodated on 
both sides of the wall may be increased, over the number that, the 
stairs and stair enclosures will hold, 50% for one horizontal exit, 
75% for two, and 100% for three or more. It is furthermore 


specified that when all persons on both sides of a horizontal exit 


dividing wall are transferred to the smaller side, there shall be 
sufficient gross floor space to allow not less than 10 sq. ft. per 
person. 


7. The student of egress problems is referred to the N. F. P. A. 
Proceedings for further information. 


SPRINKLERS AS LIFE SAVERS. 


8. For many years, there has been a growing realization of the 
added security to life which comes from automatic sprinkler pro- 
tection. While the life loss records in sprinklered buildings (or 
any other buildings for that matter) are incomplete, the men in 
constant touch with the sprinkler problem from the beginning of 
its development recall no case of a loss of life in a fire in’a 
sprinklered building which approximated that in buildings such 
as the Ashe, Binghamton Clothing Company, High Street in 
Newark, Collinwood School, and the Iroquois Theater. The 
official reports of practically every life loss fire contain opinions 
that had sprinklers been installed the loss of life almost certainly 


———-e 


— 


Egress Facilities and Drills 645 


would not have taken place. Available records of life lost in 
sprinklered buildings indicate that explosion and flash fires are 
responsible for almost the entire number. 

9 The opinion of the N. F. P. A. on the value of sprinklers 
as life savers is: “It is today an almost unquestioned fact that 
the automatic sprinkler affords the largest degree of protection 
of life against fire in practically all, cases where there is com- 
bustible construction or material, the rapid burning of which is 
liable to be a menace to the lives of the occupants of the build- 
ing” Automatic Fire Alarm Systems also have distinct value 
from a safety to life standpoint. 

10. In the following sections are taken up the essential facts 
regarding the various means of egress, and in the order of their 
general desirability. 


HORIZONTAL EXITS. 

11. Persons can move horizontally much more rapidly than 
down stairs, and where a property is divided by one or more 
fire walls or where buildings are connected by bridges, fire drills 
should be based on first getting the people out of the immediate 
danger zone and then moving them downward. The maximum 
results with the minimum organization can be secured in this way. 

12. A false sense of security, however, has existed in some 
cases, because, although persons might be moved into another 
fire section, the failure or inability to close one door, or the 
presence of a single unprotected wall opening might permit fire 
or smoke to jeopardize the occupants of the presumably safe 
section. That is why, even where a horizontal exit exists, the 
number of persons in each section should bear some reasonable 
relation to the total stair capacity. 


SMOKEPROOF TOWERS. 

13. Figure 149 shows various forms of this means of egress, 
which in substance is a separate fire-resistive shaft entered only 
from the outside. It was first used in Pennsylvania in the late 
eighties, and has gradually been introduced in various sections 
of the country. The primary advantages are: 

a—A cut off fire and smoke-proof stair shaft, safe as long as 

any person can live in the building. 
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b—A means of floor to floor communication, normally used 
and not feared by employees, especially women, as is an 
outside fire escape. 

c—A safe location for a standpipe for private or public depart- 
ment use, and a safe method for fire department reach- 
ing the floor on which fire has broken out. In high 
buildings this is of vital importance. 

14. The essential features of the specifications are as follows: 

15. Walls—To be brick, concrete, or tile, and to be self-sup- 
porting except in fire-resisting buildings. To have no openings 
except to outside of building. : 

16. Stairs and Landings—Preferably non-combustible. No 
winders to be installed. Stairs to be not less than 44 ins. wide. 
Landings to be at least as deep as the stairs are wide, except at 
the door landings, where depth shall be increased to give unob- 
structed use of stairs when door swings open. Rise shall not 
exceed 734 ins., and treads shall not be less than 91% ins. wide, 
exclusive of nosings. 

17. Rails.—Continuous where possible, to be provided on 
each side and also in the center, where widths require this. 

18. Doors—Doors to swing into shaft, except at point of 
exit where they should swing outward. 

19. Doors to be hinged upon the down side wall, so as to 
swing with the travel. 

20. No lock whatsoever shall be placed upon tower doors. 

21. Doors to vestibules or balconies may be locked by bolts 
on inside, so arranged as to be easily operated. 

22. No padlocks requiring keys to be allowed. : 

23. Balconies and Vestibules—Floors to be non-combust- 
ible and to be solid. Rails to be not less than 4 ft. high. Width 
of platform to be at least 44 ins. 

24. Illumination—A separate circuit from switchboard to 
supply each tower, and wires to be carried in conduit from switch- 
board to the tower. 

25. Lights to be provided in each story, and preferably so 
arranged that all lights can be turned on from switches placed 
in tower near doors and in building near doors at entrance to 
balconies or vestibules. The sign “Fire Escape Lights” should 
be painted on the wall near the switches in the building. 
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FIREPROOF SHAFTS. 

26. Stairs, when located in fireproof shafts directly connected 
to the building, may, owing to fire or smoke, become impassable 
to all persons above any floor on which a door is open. Never- 
theless, this form of exit has proved a very satisfactory one, and 
has been the standard in the best types of factory buildings. Cer- 
tain essential features include: 

a—Doors should swing with the travel or slide across it. 

b—Stairs should be broad, easy, and free from winders. 

c—Continuous railings should be provided on both sides of 
stairs. 

d—Ventilator of liberal area should be placed on roof to carry 

off smoke which may enter the shaft. 

e—In many locations, stairs should be carried to roof. 


ORDINARY INSIDE STAIRS. 


27. A shaft entirely enclosing stairs, even if shaft is not fire- 
proof, can be converted into a fair escape. Stair enclosures 
should take the form of a shaft, rather than to be individual for 
each flight of stairs. Persons should not be required to enter 
each story in going up or down stairs. In this connection, see 
treatment of vertical opening problem on page 201 and Fig. 29 
on page 203. Figure 150 shows the device used to fasten down a 
trap door on its underside, which was partly responsible for the 
loss of 12 lives in the Diamond Candy Co. fire in Brooklyn in 
1916. 


ELEVATORS. 


28. Elevator shafts produce powerful drafts and quickly be- 
come impassable to cars, unless effectively enclosed. Even if it is 
not planned to use elevators for getting persons out of a building, 
the shaft should be enclosed to retard the spread of fire and smoke. 
In high buildings, it is quite essential that, in addition to ade- 
quate stair capacity, plans should be made to use elevators to 
get at least a portion of the persons out of the building in event 
of fire. Features that warrant consideration include: 

a—If elevators are driven by electric power, the current sup- 

ply should be safeguarded against interruption at time 
of fire. 
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Fic. 150. Lock on UNDERSIDE oF STAIR TRAP Door. 
(Diamond Candy Co. fire.) 


b—Elevator operators should be drilled to carry persons from 
floors above the fire to the floor immediately below the 
fire, from which point they can walk down stairs at their 
leisure. 

c—Provision should be made to carry private fire brigade and 
also the public fire department to the floor on which fire 
is located. For advisable types of doors to be used on 
elevator shafts, see Chapter 15. 


OUTSIDE FIRE ESCAPES. 

29. Practically every city prescribes fire escapes in some form 
for buildings over three stories in height, especially if occupied 
for manufacturing purposes or if used as places of public as- 
sembly. It is not an exaggeration to say that a very large per- 
centage of the outside escapes today provided are exceedingly 
deficient, chiefly for the following reasons: 
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UNPROTECTED Fire EscaprE, ON WHICH SEVERAL LIVES 
WERE Lost. ® 
(Binghampton Clothing Co. Fire.) 
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a—Inaccessible to many portions of the buildings, except by 
going into halls that may be impassable owing to flames 
and smoke. 

b—Unshielded against fire in lower stories. See Fig. 151 illus- 

trating the unprotected fire escape on the Binghampton 
Clothing Co. building. The fire in lower stories cut off 
the use of the escape by those above and contributed to 
the loss of 35 lives. 

c—Poor design, especially as regards steepness and lack of 

width. 

d—Poor supports. 

e—Complicated ladders and swinging stair arrangements to 

cover drop from second story to ground. 

f{—Poorly maintained, including ice and snow covering. 

g—Used for storage. 

30. For high buildings in which many persons congregate, the 
ordinary outside iron fire escape is deemed entirely unsuitable, 
giving a false sense of security. The Building Exits Code con- 
tains specifications for outside stairs (fire escapes). Essential 
features include: 

a—Not permitted on new buildings. 

b—Limited on existing buildings to certain classes, and to six 

stories in height, or 70 ft. from ground. 

c—All wall openings must be protected with wired glass in 

metal frames or with fire doors, where near stairs if 
within 10 ft. above, 35 ft. below, or 15 ft. horizontally. 
d—Solid platforms and solid treads required. 

e—Factor of safety of 6. 

f—Easy stairs, adequate handrails, and easy access. 

g—Permanent stairs carried to ground or counterbalanced stair 

sections required. 

31. Figure 152 illustrates one form outside stairs built in ac- 
cordance with the N. F. P. A. specifications. 

32. It is believed that these specifications will meet all state 
and city requirements, and they should be studied in every case 
where an installation of this kind is contemplated. 
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PORTABLE AND INDIVIDUAL ESCAPES. 


33. These are particularly adapted to hotels, dormitories, and 
dwellings where it is not feasible to grovide outside escapes 
which can be reached from all, or even from a majority, of the 
rooms without passing into halls. 

34. The simplest form is the rope fastened securely and of 
sufficient length to reach the ground. The diameter to enable a 
good handhold being secured should be about 1 in. It requires 
experience and strength to lower one’s self several stories. For 
women and children, ropes are valueless, unless used to lower 
the person after being tied around the body. 

35. Rolled steel cable ladders are preferable to ropes, because 
the danger of falling is greatly reduced. However, it takes some 
skill to climb down a swinging ladder. Only substantial ladders, 
arranged to keep the rungs a reasonable distance from the build- 
ing wall, are recommended. 

36. The best escape is one which will lower a person or per- 
sons at a uniform and moderate rate of speed and without any 
action on the part of the occupant of the broad belt usually 
placed under the arms. Automatic speed regulation is necessary. 
Speed controlled by adjusting friction by means of a rope sliding 
through the hands is obj ectionable because not easily understood, 
and also because bad falls may be the result of over-speed. 

37. It is generally good policy to arrange escapes so that they 
can be moved to any one of several windows, so as to permit 
escape even if fire is breaking out of some windows below. 


EXIT DRILLS. 

38. The 1912 rules of the N. F. P. A, entitled “ Suggestions 
for the Organization and Execution of Exit Drills” represent 
the best thoughts advanced to date, and contain sufficient data to 
enable the establishment of drills at plants of almost every con- 
ceivable character. 

39. The rules contain a general section applicable to most 
properties, and special portions devoted to conditions in schools, 
department stores, and theaters. These rules should be studied 
whenever it is desired to install exit drills. 


* 


CHAPTER 37 
SELF-INSPECTION 


1. Fortunately, the day has passed when the managers of a 
considerable proportion of even the more important industrial 
plants appeared to rely upon insurance inspection service for as- 
certaining their plant weaknesses of a fire prevention and fire 
protection character. Valuable as insurance inspection reports 
frequently are, they are generally made primarily from the stand- 
point of furnishing information to the underwriters at interest, 
sufficient time is not devoted to the work to permit it to be done 
in great detail, and the local conditions of necessity cannot be so 
well known to men who come to the properties at rare intervals. 

2. Practically every well-managed property today is inspected 
periodically by men assigned to that work, primarily for the pur- 
pose of ascertaining: 

a—What possibilities of fire outbreak can be eliminated. 

b—Whether fire fighting equipment and apparatus is in serv- 

iceable condition. 

c—If employees are trained to meet a fire emergency. 

3. While large plants will occasionally have up to a score of 
fire inspectors, in addition to large fire fighting forces, no plant is 
too small to avail itself of the valuable protection afforded by good 
self-inspection service. The work may take only a part of the 
time of one man, and it may be rotated among a group of men 
as, for example, electricians called upon in rotation to make elec- 
trical inspections. 

4. The essentials of a good self-inspection service are: 

a—A keen desire on the part of the management to have this 

work done well. 

b—Selection of competent men to do the work. 

c—Instructions to guide inspectors. 

d—Check list to recall items to’ the inspectors. 
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e—Report blanks carefully filled out. 
f{—Correction by management of defects developed. 


INSPECTION FREQUENCY. 


5. Probably no two authorities will agree as to the best in- 
spection frequency, and the needs vary greatly in different plants. 
A modern rolling mill presents quite a different problem from a 
chemical plant handling inflammable liquids. The degree of care 
exercised by the men in charge of different departments is also 
a vital factor. Generally, when a plant has been put into fine 
condition less frequent inspection is in order. Good average 
practice is believed to be: 

a—lInspections weekly for housekeeping conditions. 

b—Inspections twice a month of fire fighting equipment. 

c—Inspections monthly of electrical work. 

d—Surprise drills of fire brigade at about monthly intervals. 


INSPECTION BLANK. 

6. Figure 153 shows an excellent type of inspection blank, 
combining an instruction with a record blank. A particularly 
fine set of self-inspection forms used by a prominent corporation 
consists of three 81%4 & I1-in. sheets covering the following: 

a—Oils and grease, clean waste, oily waste, refuse and sweep- 

ings, combustible material, lockers and cupboards, steam 
pipes, fire doors, water pails and sand pails, chemical 
extinguishers. 

b—Electrical circuit breakers, switches, fuses, wiring, pendent 

light cords, lamp guards and shades, fixtures, and rheo- 
stats and resistances. 

c—Inside hose, outside hose houses, hydrants, sprinkler con- 

trol valves, sprinkler alarm valves, sprinkler dry valves, 
gravity tanks, sprinkler heads, city connection, cold 
weather valves, steam pump. 

7. Selections can be made from the inspection check list below 
and subjects added to meet the specific local conditions. 

8. Ample space for comments is generally to be found on the 
back of these blanks. The spacing is, as a rule, one-sixth inch 
or one-third inch to fit standard typewriter spacing. The use 
of code numbers and letters for recording commonly found 
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defects greatly simplifies the making of-entries. ‘“ 10-C” may 
mean “danger of gas flames coming in contact with combustible 
material.” 

9. It is absolutely essential, if the truth about plant conditions 
is to be known, to require inspectors to enter those defects which 
are remedied as soon as found, together with a statement to that 
effect. The common practice of omitting any reference to de- 
ficiencies corrected very seriously weakens the ordinary inspec- 
tion service. 


SELF-INSPECTION CHECK LIST. 


10. For the convenience of readers who desire to arrange 
self inspection blanks or to issue instructions upon this character 
of work, the following list of subjects and specific items under 
each is herewith submitted: 


CAUSES OF FIRE. 


ELECTRICAL EQUIPMENT. 


1. CIRCUIT BREAKERS—(a) Not enclosed where danger; (b) Cab- 
inet not lined; (c) Cabinet not locked—key_in cabinet; (d) Breaker de- 
fective; (e) Blocked; (f) Set too high; (g) Cabinet door not closed. 


2. SWITCHES—(a) Not operating properly; (b) Loose connections ; 
(c) Not indicating; (d) Defective; (e) Not rigidly supported; (f) Not 
open by gravity; (g) Blades exposed short circuit. 

3. FUSES—(a) Link or mica capped fuses not enclosed; (b) Bridged 
with wire; (c) No extra fuses on hand; (d) Circuit fused too high; (e) 
Enclosure defective; (f) Door not closed. 

4. WIRING—(a) Defective insulation; (b) Not properly supported; (c) 
Temporary wiring; (d) Conduit outlets not bushed; (e) Grounds; (f 
Circuits overloaded ; (g) Connections not soldered and taped; (h) Solid 
wires for portable use liable to mechanical injury; (i) Conduit not grounded. 

5. PENDANT LIGHTS AND EXTENSION CORDS—(a) Defective 
insulation; (b) Improperly supported; (c) Extension cords not reinforced ; 
(d) Tied aside;(e) Adjusters needed; (f) In contact with sprinkler, water, 
or gas piping. 

6. LAMP GUARDS AND SHADES—(a) Defective; (b) Shades com- 
bustible: (c) Guards not provided where liability of contact with com- 
bustible materials; (d) Vapor-proof globes missing. 

7, FIXTURES—(a) Loose connections; (b) Do not operate freely; 
(c) Otherwise defective; (d) Are globes missing or defective: 

8. RHEOSTATS, MOTORS, AND RESISTANCES—(a) Rheostats not 
enclosed where inflammable dust or vapors; (b) Blocked in Leis posi- 
tion; (c) Do not release properly; (d) Contacts defective; (e) Motors 
sparking ; (4) Resistances near combustible material. 

9. CURRENT ON NEEDLESSLY—(a) Main switch not open at night ; 
(b) On floor control, branch circuits or extension cords. 


OTHER FIRE CAUSES. wth ways a 
I i not used where possible; ¢ ose defective; 
ih pada set fume Maoritact with combustible material. (d) Guards 


missing. 
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11. HEAT HAZARDS—(a) Ashes not kept in metal barrels; (b) Ashes 
not emptied daily; (c) Ashes mixed with combustible material; (d) Steam 
pipes against woodwork; (e) Combustible material against steam pipes; 
ay Stoves or furnaces not safely installed. 

12. REFUSE AND SWEEPINGS—(a) Not in metal barrels; (b) Bar- 
rels not emptied daily; (c) Barrels without covers; (d) Barrels defective. 


18. WASTE—(a) Main supply of clean waste not kept in storage bin 
and local supplies in cans; (b) Oily waste not kept picked up and in ap- 
proved cans; (c) Cans and covers not in good condition; (d) Oily waste 
not emptied at end of working day. 

14. COMBUSTIBLE MATERIAL—(a) Storage not in bins or vaults; 
(b) Needless material in any portion of building. 

15. OILS AND PAINTS—(a) Main supply not in oil house; (b) Daily 
supply not returned to oil house when not in use; (c) Unnecessary barrels 
opened; (d) Hangers and bearings not free from grease; (e) Drip pans 
needed; (f) Sawdust or shavings used to catch drippings. 


16. GASOLENE AND OTHER INFLAMMABLE LIQUIDS—(a) Any 
storage except in oil house; (b) Torches not filled in oil house; (c) Torches 
or other daily supty not returned to oil house when not in use; (d) Empty 
containers allowed to accumulate. 

17. MATCHES AND SMOKING—(a) Matches used by unauthorized 
persons; (b) Other than safety matches used; (c) Any tobacco smoking 
except in permitted sections; (d) Pipes placed in coat pockets. 

18. LOCKERS AND CUPBOARDS—(a) Any not of metal; (b) Not 
clean; (c) Clothes not hung up; (d) Interiors not visible; (e) Tops not 
open to sprinklers; (f) Matches, oil, torches, or waste kept inside. 


SPREAD OF FIRE. 


19. FIRE DOORS—(a) Not operate freely; (b) Hanger bearings not 
greased; (c) Not automatic; (d) Link not exposed; (e) Not clear of ob- 
structions; (f) Tin covering defective; (g) Hardware not complete; (h) 
Supporting bolts loose; (i) Not kept closed when not in use; (j) Not 
painted. 

20. SHUTTERS—(a) Not operate freely; (b) Not clear of obstruc- 
tions; (c) Tin covering defective; (d) Hardware not complete; (e) Sup- 
porting bolts loose; (f) Not closed at night or when buildings are not in 
use; (g) Not painted. 

21. WIRED GLASS WINDOWS—(a) Not operate freely; (b) Auto- 
matic device, if any, not in order; (c) Hardware not complete; (d) Not 
shut and locked when not in use. 


22. SKYLIGHTS—(a) Combustible construction; (b) Glazing not 
complete; (c) Wired glass, or other glass not protected with screens; (d) 
No special fine mesh screen where used for ventilating. 

28. PLASTERING OR OTHER FINISH—(a) Any defective; (b) 
Needless combustible finish. 


24. WHITEWASH—(a) Woodwork not whitewashed; (b) Whitewash 
not used to improve light. 


EXTINGUISHMENT OF FIRE. 


25. PUMPS—Use ten columns: (a) Number of pump; (b) Started up; 
(c) Date of last test with hose; (d) Minimum steam pressure since last 
inspection; (e) Steam pressure; (f) Steam valves wide open except throttle 
at pump; (g) Supply of oil; (h) Clean and well cared for; (i) Automatic 
regulator in order and valves open; (j) Relief valve set at. 


26. FIRE DEPARTMENT CONNECTIONS—(a) Caps in order; (b) 
Frozen; (c) Access obstructed. 


27. GRAVITY TANKS—Use ten columns: (a) Number of tank; (b) 
Whether full; (c) Tell-tale tested; (d) Cover closed; (e) Heated; (f) 
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Overflow; (g) Condition of ladders; (h) Tank requires painting; (i) H. 
in good onarian: (j) Tank riser boxed completely. . aia 

28. PRESSURE TANKS—tUse six columns: (a) Number of tank; (b) 
Water level; (c) Air pressure; (d) Are water gauge valves closed; (e) 
Temperature of rooms; (f) Remarks. - 

29. HYDRANTS—(a) Do not operate freely; (b) Caps not easily re- 
movable; (c) Do not drain properly; (d) Hydrants frozen; (e) Access ob- 
structed; (f) Not provided with hose valves. 

30. HOSE HOUSES—(a) Hose not neatly folded; (b) Hose not cou- 
pled up; (c) Water in hose; (d) Hose frozen; (e) Nozzle missing; (f) 
Wrenches or spanners missing; (g) Lantern missing; (h) Axe missing; 
(i) Access obstructed; (j) Not properly painted; (k) Roof defective. 

31. INSIDE HOSE OUTFITS—(a) Water in hose; (b) Drip not open; 
(c) Hose defective; (d) Hose frozen; (e) Hose not properly racked;. (f) 
Nozzle missing; (g) Nozzle not connected; (h) Spanners missing; (i) 
Access prevented by obstructions. 

32. CHEMICAL EXTINGUISHERS—(a) Missing; (b) Not full; (c) 
Frozen; (d) Acid bottle not in place or improperly filled; (e) Caps not 
easily removable; (f) Gaskets missing or defective; (g) Tags not showing 
date of last charging; (h) Copper corroded; (i) Hose defective; (j) Noz- 
zles defective or clogged; (k) Access prevented by obstructions; (1) Not 
prominent. 

33. CHEMICAL ENGINES—Same as chemical extinguishers. 

34. WATER PAILS AND CASKS—(a) Missing; (b) Not full; (c) 
Frozen; (d) Defective; (e) Access obstructed; (f) Not prominent. 


35. SAND PAILS—(a) Missing; (b) Not full; (c) Sand wet; (d) 
Defective; (e) Scoop missing; (f) Access obstructed; (g) Not prominent. 


36. SPRINKLER HEADS—Cover the following topics: (a) Distribu- 
tion obstructed; (b) Corroded; (c) Whitewashed or painted; (d) Bent 
or leaking; (e) Deflectors missing; (f) Benches and stock clear of walls 
to allow water distribution. 

37. SPRINKLER PIPING—(a) Not properly supported; (b) Need 
painting; (c) Improperly used as supports for material. 

38. GATE VALVES—Fill out sheet having five columns: (a) Give 
number of each sprinkler controlling valve in supply pipe; (b) State 
whether valve is open or shut, (Cold weather); (c) Whether strapped or 
otherwise fastened; (d) If not strapped, the reason; (e) Accessible. 

39. DRIP VALVES—(a) Tested; (b) Left shut; (c) Secured with strap 
or seal. 

40. ALARM VALVES—Use six columns: (a) Number of valve; (b) 
Alarm cocks open and secured; (c) Note whether tested, and if with water 
flow; (d) Pressure above valve; (e) Pressure below valve. 

41. DRY VALVES—Use six columns: (a) Give number of valve; (b) 
Air pressure above valve; (c) Water pressure below valve; (d) Tested 
for water column; (e) Temperature at valve location; (f{) Flooded since 
previous report and reason. 

42. PUBLIC ALARM BOXES—(a) Not placed prominently; (b) No 
signs giving location of box and key. 5 

43. PRIVATE FIRE ALARM SYSTEMS—(a) Not tested regularly; 
(b) Instructions not posted; (c) Access obstructed; (d) Numbers on boxes 


tested. 


EGRESS. 


44, FIRE ESCAPES—(a) Escapes not unobstructed; (b) Access not 
clear; (c) No signs giving direction; (d) No -special illumination; (e) 


Painting necessary. 


CHAPTER 38 


PROTECTION OF RECORDS AGAINST FIRE 
By H. P. WEAVER #* 


1. With increase in magnitude of business operations, records 
have multiplied in number and complexity. They have become an 
implement essential to operations and an alert management fore- 
sees the hardships, financial and otherwise, which follow their 
destruction. Insurance, though available, is seldom carried on 
records to an appreciable extent. 

2. Stimulated by the demand for record safety, engineering 
knowledge of and practice in record protection have moved for- 
ward rapidly of late. Much of previously accepted practice is 
now dismissed by the informed. 

3. For most situations, it is possible to devise proper and sound 
methods of record protection, giving due weight to importance of 
records, probable severity and duration of exposing fire, structural 
features, merits of various record protective devices, and the prac- 
tical limitations of cost. 

Only a balanced and mature consideration of all of these things 
can lead to a correct conclusion. Generally, no one of them alone 
can be taken as a determining factor. 

4, Having arranged proper facilities for the protection of rec- 
ords, it is necessary to exercise constant watchfulness to see that 
these facilities are used consistently, and kept at the maximum 
of effectiveness. 


GENERAL METHODS OF FIRE PROTECTION 


5. Clearly, those things which contribute to general fire safety 
must contribute to record safety as well. Fire causes should be 
eliminated. Advantage should be taken of structural measures to 
limit the spread of fire beyond point of origin whether internal 


* General Manager, Independence Bureau. Chairman, N. F. P. A. Com- 
mittee on Record Protection. 
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or external to the premises. Extinguishing facilities adequate and 
appropriate to the situation should be provided. Proper methods. 
of supervision, fire detection, notification, etc., should be followed. 

6. As to all of these things recognized standards are available, 
are discussed in other chapters of this book, and further comment 
need not be made. There should, however, be no failure to rec- 
ognize that records frequently are irreplaceable or have value far 
beyond ordinary building contents, and hence a much higher de- 
gree of protection is justified than for purely commercial and 
replaceable values. 


SPECIAL METHODS OF RECORD PROTECTION 


IN GENERAL. 
7. Fundamentally, there are three methods of record protec- - 
tion: 
a—Duplication. Copies may be kept at another point chosen 
for minimum possibility of simultaneous destruction. 
b—Insulation. Records exposed by combustible surroundings 
may be placed in containers designed to prevent penetra- 
tion of sufficient heat to the records to cause their de- 
struction. 
c—Segregation. Records may be separated from combustible 
environment, or combustible materials other than the 
records themselves may be entirely eliminated. 
Most methods of record protection involve one or more of these 
principles. 


DUPLICATION. 

8. While duplication at another point not subject to the same 
fire is probably the most effective means of protection, it should 
be remembered that making and filing duplicates involves ex- 
pense, that in some cases the replacement of lost records from 
duplicates may involve within itself considerable expense, and, 
furthermore, that a copy frequently does not have the same value 
for legal purposes as a signed original document, Photographic 
reproductions often are best. 

9. The existence of a duplicate set at another point in the same 
building should not be regarded as satisfactory protection unless 
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one of the copies is adequately and dependably protected against 
fire. 

10. Great care should be taken to see that duplication is com- 
plete, accurate, and orderly. Points such as these should not be 
overlooked in assuming that mere duplication is always adequate 
protection. 


SAFE DEPOSIT VAULTS. 


11. Safe deposit vaults of the better type have almost a perfect 
record for protection of their contents against fire. Where vaults 
are located below ground level, and where there is danger of 
flood or of accumulation of water at time of fire, the record is 
not so clear. It is probably true that the average safe deposit 
vault would not successfully exclude water if submerged for a 
considerable period. 


DOCUMENT BUILDINGS. 


12. For storage of important records in considerable volume, 
a detached and unexposed building may be built where ground 
space is available. This permits transfer of old records from 
working areas in offices, releasing space for active material. 

Such a building should be strictly fire-resistive in construction, 
should have entirely non-combustible interior equipment, and 
should be properly arranged as to all hazards of lighting, heating, 
etc. Suitable extinguishing apparatus should be provided. 


VAULTS. 


13. The N. F. P. A. specifications cover the following three 

classes : 

Class A—Vaults designed to afford the maximum degree of 
protection, and intended for use by banks, trust companies, 
and others having large values to protect. 

Class B—Vaults usually erected in tiers, and designed to afford 
a large measure of protection to their contents, assuming 
even the total destruction of the building in which vaults 
are located. 

Class C—Vaults carried on the framework of fire-resistive 
buildings, and designed to afford a large measure of 
protection to their contents, assuming the integrity of the 
supporting structure. 
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Reference should be made to these specifications for complete 
details, not only in connection with new construction, but as a 
standard against which to measure the adequacy of existing vaults. 
14. These N. F. P. A. specifications are intended primarily to 
secure safety against fire and building collapse. For burglar pro- 
tection, the use of heavy and expensive steel linings has been 
customary. In 1922, based on elaborate comparative tests of sev- 
eral different types of vault construction with specific reference 
to attack with explosives and cutting torches, the Federal Re- 
serve Board has adopted as a standard a new form of wall, floor, 
and roof construction, consisting of packed layers of large mesh 
expanded metal, filled with a rich concrete. No steel linings are 
used. Safety, speed of construction, and economy are all claimed 
for this design. A number of such vaults are already completed, 
including the one in the Federal Reserve Bank*in New York City, 
which is at present the largest bank vault in the world. 
15. In general, the following principles as to vault construction 
should be observed: 
a—Foundations should be built upon the ground, or vault may 
be carried on the building structure, where this is known 
to be adequately protected against collapse by fire. 

b—Walls, floors, roofs, etc., should be of brick, concrete, or 
equivalent fire-resistive material and should be ruggedly 
built. 

c—Doors should preferably be of the “ filled” type and of good 

design. Where exposing combustible is very limited in 
amount, double steel plate doors supported in steel vesti- 
bule may be acceptable. In the latter case there should 
be an interlocking mechanism to make sure that both 
doors are closed as dead air space is important. 

d—It is highly important that vault vestibule be securely grouted, 

top, bottom, and sides, into the wall opening. A vestibule 
merely set into wall opening with flanges on each side 
is distinctly objectionable. 

e—Trucking plates in vestibules are undesirable, but if unavoid- 

able should be arranged to be easily removed. 

f—Entire interior equipment should be incombustible. 

g—Wiring should be in conduit without pendent or extens‘on 

cords, and should be supplied by a short cord, carried 
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through doorway, and plugged into a live receptacle on 
the outside. So arranged, cord must be detached and 
power shut off before door can be closed. 

h—Vault should be clean and free from any avoidable com- 
bustible storage. 

i—Smoking and the use of matches in a vault are clearly unde- 
sirable. 

j—Ventilation should be only through door. Walls, floors, and 
roofs should not be pierced. If ventilating openings other 
than doors are provided, they should have fire-resisting 
protection equal to the doors. 

k—Telephones in vaults, or call bells outside operated by push 
button in vault, are sometimes advisable to guard against 
persons being locked in and suffocated. 

16. As between vaults and safes, the following advantages and 

disadvantages may be noted: 

a—A vault can be made adequately fire-resistive regardless of 
the construction of the building in which it is located. 

b—It is possible to make vaults more massive and rugged than 
safes if necessary. 

c—If supports are properly designed, vaults need not be subject 
to falls or structural collapse. 

d—Vaults will usually be found to supply more cubic feet of 
storage capacity per dollar of cost than safes. 

e—Vaults are inflexible as to location, while safes can be moved 
as may be needed. 

f—Vaults usually contain more records in one group and sub- 
ject to the dangers of a single oversight, such as neglect- 
ing to close doors, than is the case with safes. 

g—Vaults frequently collect needless combustible materials, rub- 
bish, and even hazardous materials, wiring may be im- 
properly installed, smoking may be practiced, etc. Safes 
will be found to be free from many of these difficulties. 


IRON SAFES. 


17. By this designation reference is made to the old familiar 
type which has been in use for many years, and which has ap- 
peared in two classes, the one a fairly light-weight safe having 
neither good fire-resisting power nor ability to resist burglars, and 
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the other a much more substantially built and heavy device, able 
to resist fires of some duration and moderate falls. 

Vigorous commercial controversies have raged in this industry, 
in which reports of tests to which safes were exposed in actual 
fires have played a prominent part. While generalities are dan- 
gerous, it is believed that the following is true: 

a—The ordinary form of safe affords but little protection against 

experienced burglars. 

b—The fire-resisting powers of many safes, even of the heavier 

design, have been surprisingly poor. In the large con- 
flagrations, the contents of the majority of the safes 
were lost. 

c—Heavy safes are often a life menace in buildings, crash 

down at time of fire, are likely to break open, and are 
almost certain to fill with water if they fall into it. 

As compared to more recent types that have been subjected to 
furnace tests, and bear Underwriters’ Laboratories label of ap- 
proval, it can only be said that the choice lies between a device 
of known qualifications, as indicated by the tests, and one which 
is uncertain. 


LABELED RECORD SAFES. 


18. By this term reference is made to the type of safe which ~ 
bears label of approval of Underwriters’ Laboratories. These 
safes are available in the following classes: 


TEST REQUIREMENTS OF UNDERWRITERS’ LABORATORIES 
FOR LABELED SAFES AND CABINETS 


Maximum Impact Explosion 
Classification. Length of Test.| Temperature Test. Test. 
Reached F. 
SoARACAS ohne re 4 hrs 2000 Yes Yes 
Bo Me raibtaie ahs ce 2 ie 1850 f co 
eee ee ae a 1700 . * 
Taght Weight........... iL, gr i 1700 sid 
Insulated Cabinet...... 45 min. 1640 No No 


Safes must stand above tests before internal temperature reaches 
300 degrees F. 
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The impact test involves a fall in the clear of 30 ft. after safe 
has been heated one hour (reaching 1,700 degrees F.), and reheat- 
ing as before impact in the inverted position. 

An explosion test is made to determine whether a sudden heating 
will cause an explosion in the walls or interior. 

19. From a consideration of the above classes, it will be seen 
that types are available for varying conditions, and decision as to 
which one is suitable for any particular instance, is a matter of 
judgment involving the importance of the records to be protected, 
the building construction, probable severity and duration of ex- 
posing fire, presence or absence of automatic sprinklers, and other 
factors. If building is of type subject to collapse by fire, then 
height above ground at which safe is to be located must be con- 
sidered. 

20. Assuming equal heat-resistive ability, it is believed that 
there are certain advantages in the heavy angle iron frame em- 
ployed by many of the manufacturers of labeled safes. 


RECORD ROOMS. 


21. For bulky collections of records not of the very first im- 
portance, storage in vaults or record safes often is impracticable. 
Such records may be segregated from the exposure due to com- 
bustible contents, particularly in a fire-resistive building, by placing 
them in steel files in a room separated from the remainder of the 
building by proper incombustible partitions, with protected window 
and door openings, and equipped with metal furniture throughout. 
Any wooden trim or wooden wearing floor should be eliminated 
from such an enclosure which should contain no combustible other 
than the records themselves. 

This arrangement gives large storage space per unit of cost, 
permits of working within the enclosure conveniently, and allows 
the use of ordinary steel filing devices. However, it can only be 
expected to give a modérate degree of fire protection. 


STEEL FILES. 


22. Ixperience indicates that ordinary steel files do not provide 
any considerable protection against transmittal of heat and damage 
to records. However, their use reduces the amount of combustible 
material, and this fact is sufficient to justify them. Aside from 
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fire protection, steel files are durable, satisfactory in operation, and 
have other advantages. However, a degree of fire-resistive ability 
which they do not possess should not be expected of them. 

The use of wheeled metal carriages for card files, books, and 
other records, conveniently used at work places by day and stored 
in vaults at night, is an excellent practice. 


WOODEN FILES. 


23. By some observers, wooden files are believed to have more 
resistance to the passage of heat than steel files, but they readily 
ignite, and present the great disadvantage of adding to the com- 
bustible material. Naturally they do not afford material protec- 
tion to their contents. 


CONSISTENT USE OF PROTECTIVE EQUIPMENT. 


24. Protective equipment, no matter how complete, is of little 
value unless it is consistently used, and unless there has been 
forethought concerning procedure in an emergency. The follow- 
ing suggestions apply: 

a—In case of sudden day fire, records must be restored to their 

places of safety accurately, quickly, and without confusion 
or oversight. In some cases the best plan is to have the 
most important records carried out of the building, 
Record drills to train employes to meet emergencies are 
not uncommon. 

b—Records belonging in vaults or safes should never be left 

out over night. 

c—Desks should not be allowed to accumulate important mate- 

rials properly belonging under protection. 

d—Records normally safeguarded are often unprotected while 

temporarily in other hands. Important documents may 
be in the hands of attorneys at other offices. Original 
deeds may be at the recorders’ offices. Valuable tracings 
and engineering department records may be out for tem- 
porary use by men in the field. Wherever possible, only 
copies should be given out. 
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GENERAL RECOMMENDATIONS 


25. For records of primary importance and for large values, 
first-class vault construction is always advisable. To secure equal 
capacity in safes of high fire-resistive ability is very expensive, 
wasteful of floor space, and produces exceedingly heavy loading 
of floors. 

For records of moderate importance and value, when the quan- 
tity is large a Class B or Class C vault is recommended, and for 
small quantities, the use of labeled record safes is the solution. 
Record safes are sometimes placed in vaults to protect valuables 
against exposure from the burning of other contents in the vault. 


CHAPTER 39 
CONFLAGRATION HAZARD AND PROTECTION 


1. The danger of a wide spreading fire, commonly termed a 
conflagration, unquestionably exists in every city or town in the 
United States and in Canada. The conditions which made pos- 
sible the losses in the following tabulation, and many lesser ones, 
exist today to a large extent in all our closely built up sections. 


CONFLAGRATIONS IN THE UNITED STATES INVOLVING 
LOSSES IN EXCESS OF $5,000,000 


Date Location Loss 

ne aN Our sy Orica ries en tee ck ete As aly $15,000,000 
anes: hatiestons SC gh she lees Oo aed: tea! 10,000,000 
Bam ortiand _ Mer) cee s cost te. 8 tana wah 10,000,000 
REE MCAD Eat, eee cea 2 ate Ad) ie erat ie 168,000,000 
Ae SESOSEOR ence. Sei eee Le eee ae Eee gdh 75,000,000 
Raa ME ORCA ce nite es os Be wnt «oes e.6e Dede LE 5,000,000 
Rey 7 ery AYO iihich gs Ae: py IN EY ier eis n cise oes skh Apel Aowe lls 7,500,000 
Laie Sein at Eo ai Cee spe et a RE I ae 5,000,000 
DRIED SO ALIC MC iso ae cP ata eal eiewce epee Giaah's, 5 apd. nv ol 6,000,000 
SOC AISOSLON. «sera nie ais «Sing oi kale’ Bele i coe snot 6,000,000 
APRN Sy Tish NAGE We 9 b,c sie © Bacio dao Uelagt. ahilew' ed ae 5,000,000 
BO eM ther aeee teacie a... cet viele exe a octane pitla « Cae 6,000,000 
FERRO EVOROREIO IN ORCS. ak > ereiecieAaletn mt las ale alate ong ah 5,500,000 
TMs LACK SOV ILI tras fit See be Ae ot eats «so o's ote 9510 2 us 11,000,000 
PENT LEESON St Ser sea wvig atts eh aolac> ap ieee 2 aiols 2 2% 7,000,000 
GO Aes ESAUIMOLE ye dare here aatis «iAois + iginig OAs Anta dS se 50,000,000 
PO ATE ANCISCOM rc paays ate oigialcte eae VIER tee SRG Ga 350,000,000 
BOOS wal hiel Sea ASS ed aan. aril: ois ops Ares sett Ce SRL e a 12,000,000 
EMS COLIISHIONTEL, WINE Sie ianens, 07 Fie oi cis tA aoe Yas wold Si oy Ake 5,000,000 
ros cedarmopiur,, MOUt-eagiecas asians pistes oie at nia cie 6,000,000 
PLT NSTI ONO Saree Deidae ctha Wiegainrn akieloid ie o Aisa ds aces ps 5,500,000 
ORT meee ALCL EAS erent tical A oath 55 aha pCa «FF gia 15,000,000 
FOTOMMEALIS ED ORASMM a essere alos o/modnacduiale aid ojo 3590", « Sai 10,000,000 
ONG? RN Cee Yemen oe Cre ee CaO ROCCE ee Coon, 5,500,000 
RO Z2ER CMC AR OMe. Merecste Avitatatdiee. Siete Sapte oldviele: b adiael a 8,000,000 
TOG” VaR vorory MOhie-foy0 aa Cen CAO CIRC Oe OO eee Ie 10,000,000 
OD AMET CLE am lise ek ott 2 cise) olson 5 06 nina id aes 10,000,000 
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2. While in years gone by, no competent warning of inherent 
dangers preceded conflagrations, in more recent years the excel- 
lent examinations of and reports on city fire dangers, made by 
the engineers of the National Board of Fire Underwriters, have 
not only clearly pointed out possibilities, but have in several cases 
proved to be true prophecies, as witness the disastrous fire in 
1917 in that block in the downtown district of Pittsburgh which 
the Underwriters had classed as the worst in the entire city, and 
in San Francisco, where in 19005 they stated that conflagration 
probability was “alarmingly severe.” 

3. While high pressure water mains and exceptionally efficient 
fire departments are of service in lessening the number of fires 
which become dangerous, they are all quite powerless in checking 
an onrushing conflagration—a fact to which the public prefers to 
remain in blissful ignorance. Such a wide-spreading fire is never 
“gotten under control” or “put out by the fire department.” 
It burns itself out, with the fire department and water supply, 
if extensive enough, performing a limited service on either flank 
or at the rear. 


4. Whether or not the conflagration hazard of our cities can 
be eliminated is doubtful, but the best authorities agree that it 
can be greatly reduced, and this in a practical and not financially 
burdensome manner. Remedies, used preferably in combination 
with each other, include: 

a—The gradual elimination of wooden shingles and other com- 

bustible roof coverings. 

b—The removal from central sections of highly hazardous op- 

erations and of particularly dangerous structures. 

c—The construction in high value districts of only fire-resistive 

buildings of the best class. 

d—The general raising of the standard of construction of all 

buildings. 

e—Employing blank walls against very serious exposures, and 

the extensive use of wired glass, metal frame window 
protection, or shutters, on all buildings including fire-re- 
sistive ones. 

f—The liberal, in fact general, use of automatic sprinklers in 

high value districts. 

g—Improved water supplies and fire department efficiency. 
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5. Wooden Shingles—See page 217 for general comments on 
the danger of this type of roof covering. Atlanta, Chelsea, Jack- 
sonville, Paris, and Salem are examples of conflagrations spread- 
ing largely owing to wooden shingles. No fire department can 
hope to cope with dozens of simultaneous fires in widely scattered 
sections. 

6. Conflagration Breeders, as are termed very poor struc- 
tures and those in which especially dangerous enterprises are 
carried on, are easily detected and should not be tolerated in high 
value districts. The Chelsea fire started in a wooden blacking 
factory. The Baltimore fire began in a wholesale clothing house 
with a wide open light well running to the roof. 

7. Superior Construction should be mandatory in high value 
districts, and generally the whole American construction stand- 
ards, except those voluntarily followed by our most progressive 
organizations, should be raised. The Building Code of the Na- 
tional Board should be even more widely adopted and enforced 
than it is. 

8. Blank Walls are the best conflagration barriers. Often 
such walls are found to be entirely practical, when the existence 
of severe exposure is pointed out. Wired glass, metal frame 
windows (see page 240) are the best general protection against 
exposure fire, especially if combined with shutters where the 
exposure is very severe. It has been stated, on good authority, 
that a city completely so protected and with an effective fire 
department would be conflagration proof. 

9. Automatic Sprinklers, extended generally to the high 
value districts and to important and hazardous buildings elsewhere 
in the city, undoubtedly would give the largest measure of protec- 
tion against conflagration and earn the largest returns in reduced 
insurance costs, as well as in safeguarding business against in- 
terruption by fire. The general introduction of sprinkler protec- 
tion is particularly feasible in cities having sufficiently high water 
pressures to constitute adequate single sources of water supply 
for sprinklers in buildings of ordinary area and height. Single 
sources of supply for ordinary buildings are deemed sufficient. 
In this connection, it is interesting to note that the data available 
regarding the water supplies of 81 of the 100 largest cities in the 
United States are as follows: 
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15 under 40 lbs. 

. 66 in excess of 40 lbs. 
. 50 in excess of 50 lbs. 

38 in excess of 60 lbs. 

10. A considerable number of cities, including larger ones, have 
pressures of 100 Ibs. and upwards. 

11. It is to be noted that these pressures are the minimum at 
any time during the 24 hours in the downtown districts. 

12. These figures indicate that, in a surprisingly large number 
of our cities, it is possible to undertake general sprinkler pro- 
tection without incurring heavy water supply costs. 

13. So far, no American city has undertaken a carefully 
planned, comprehensive campaign to reduce conflagration hazard 
to a minimum. Progressive industrial plants commonly do this 
to their decided advantage; and there is no reason why a similar 
course cannot be followed by a city. It will require a vigorous 
insistence on the following of agreed standards, a willingness 
of property owners to co-operate, and a period of years to bring 
about the desired results. It is to be hoped that such a policy 
will be followed extensively before an additional number of our 
big cities are offered up as sacrifices to our national inertia on the 
subject of fire waste. 

14. Haverhill, Mass., has accomplished a notable feat in so far 
as municipal safety from fire is concerned, in that the large 
majority of all buildings in the congested district are sprinklered, 
advantage being taken for water supply purposes of a special 
110-lbs. high pressure main system. Furthermore, there is a par- 
ticularly liberal hydrant service on both the high and the low 
pressure systems, 


CHAPTER 40 
STANDARD PLAN NOTATIONS 


1. For many years, there have been used in connection with 
insurance maps standard symbols to convey in concise and readily 
legible form information of value to underwriters-and_ others 
regarding building construction, height, protection against ex- 
posure, fire protection, occupancy, special hazards, etc. An 
astonishingly large amount of valuable information can be con- 
veyed in a manner hardly noticeable at first glance. The Un- 
derwriters’ Uniformity Association has agreed upon the symbols 
or plan notations, as they are called, which are reproduced in 
Figs. 154 to 159, and they are in general used today. 

2. Figure 160 illustrates the application of plan notations to an 
industrial plant map, colors to show different types of construc- 
tion alone being omitted. A little study will show that dozens of 
facts are recorded. 

3. This figure also has value in that it illustrates good fire 
protection for a plant of this kind and what is good practice in 
the protection of openings in fire walls, outside walls, and ver- 
tical shafts. 

4. Engineers who do field work find it essential to know the 
standard plan notations in order that they may rapidly and accu- 
rately record the data they secure, and in order that the informa- 
tion they gather may be easily interpreted by others and converted 
into plans as a permanent record valuable both from an insur- 
ance and fire prevention point of view. 
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COLORS 
Yellow: Wooden walls. 


f 


Red: Brick walls. 
Blue: Stone or Concrete walls. 


Gray: Iron walls. ¥ 


Brown: Fire resistive construction. 


Brown (Mottled): Reinforced concrete con- 


struction. 
If hollow block concrete, so mark. 


When walls are not of a single material, use 


the proper colors in combination. 


Exposure: Color in outline. 


Wood platform: Cross hatch in yellow. 


Water courses: Light blue. 


CORNICES, ROOFS, ETC. 
4BA 4 Sto. Bsmt. & Attic in height. 


—< 
lena 
40 | Height of Bldg. in feet. 
at) 
— 9) 
ae 


Composition Roof. 


Metal, Tile, or Slate Roof. 


Shingle Roof. 


Fic, 154. STANDARD PLAN NOorTATIONs. 


Standard Plan Notations 


= ol 


v 


Non-combustible Cornice. 


Wood Cornice. 


French Roof. 
Driveway on first floor. 


Skylight, W. N. for wire net. 
W. G. for wire glass. 


Light Well, 2 Stories. 


WALLS AND WALL OPENINGS 
Light line; Wooden wall. 


Heavy line; Brick, Stone, Etc. 


Walls not complete to roof. 
Number of floors pierced to be noted. 


Parapet wall. One line for each 6 in. parapet. 


Unprotected wall opening. 

Standard Fire Door. 

Non-standard Fire Door. 

Window & Non-std. Shutter (1 Sto.). 
Windows & Std. Shutters (2 Sto.). 
Non-std. Wired Glass Window (3 Sto.). 


Standard Wire Glass Windows (2 Sto.). 


Protected Windows, 2nd & 4th. 
1st Unprotected. No opening 3rd: 


Dot represents openings counting from left to 
right looking toward Building. 


Fic. 155. STANDARD PLAN NorarTIONs. 
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FLOOR OPENINGS 
Open Hoist or Dumb Waiter. 
Trapped Hoistway. 

Enclosed Hoistway. 
Open Elevator. 
Trapped Elevator. 


Enclosed Elevator. 


Elevator in brick shaft. 


(WNoRR OOO 


Wald 
' 
“ 


Elevator 1st to 3rd floor. 


K 
ve 


Open Stairs. 


((1111D| Enclosed Stairs. 


om 
(tenan) 
Tenn aH| 
uUoT 


Stairs in brick well. Usual sign if parapeted. 


Stairs Bsmt. to rst Floor. 


SECTION SIGNS 
FLOOR CONSTRUCTION 


Roof, open joist. 
Line of eaves. 


Sheathed Floor & Wall. 


Plank & Timber or Mill Const. floor. 


Brick Arch floor. 


Fire Resistive floor. 


Fic. 156. STANDARD Pian NotarIons. 
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Standard Plan Notations 


MISCELLANEOUS 


Underground Gasolene Tank; dotted circle. 


Stable. 
D. Dwlg. S. Store. 


Open Sheds. . 
Platforms, Also Bridge or Tunnel if so labelled. 
Property Line. 

Fence. 

Grade above sea level (feet). 
Width of Street (feet). 
Street Number. 

Boiler not bricked in. 

Boiler bricked in. 

Vertical Boiler. 

Iron Stack 60 Feet high. 
Brick Chimney. 

Fire Alarm Box. 


Engine. 
Dynamo. 


Motor. 


Fic. 157. STANDARD PLAN NOTATIONS. 
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PROTECTION 


= es Water Pipe buried. 


Water Pipe exposed. 


Suction Pipe. 


Foot Valve & Strainer. 


| | 


Non-frostproof Hydt. (1 way). 


Frostproof Private Hydt. (2 way). 


Public Chuck or Flush Hydt. 


446 


Public (2 way) Hydt. with Steamer Connection. 


Priv. (4 way) Hydt. with Independent Valves 
& Hose House. 


Vertical or Stand Pipe. 


Hose Connection on Pipe. 


Automatic Sprinkler Riser. 


Open Sprinkler Riser. 


bth. a4 


Feast wanes Weceass Open Sprinklers. 


Underground Valve requiring key to open. 


Ordinary Gate Valve. 


Globe Valve. 


Indicator Valve. 


tit 


Post Indicator Valve. 


Fic. 158. STANDARD PLan Notations. 
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Fic. 


Check Valve (water flows in direction of 
arrow). 


Check Valve with Alarm Attachment. 


Alarm Valve. 
Alarm Gong with Hood. 
Dry Pipe Valve. 


Siamese Steamer Connection. 


Steam Fire Pump with Hose Connections. 


Rotary or Centrifugal Pump. 


Spkr. Pressure Tank. 


Spkr. Gravity Tank on plan. 


Spkr. Gravity Tank on section. 
snp ters w Meyey Gal.€ap F....4 Asicinse ols Pts, above, 


Water Meter. 

Valve in Pit. 

Automatic Sprinklers. 
Perforated Pipe Sprinklers. 
Cotton, Rubber Lined (hose). 


Fire Escape. 


159. STANDARD PLAN NOTATIONS. 
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CHAPTER 41 


THE TABLES AND HOW TO USE THEM 


1. Long experience has shown that the tables in this section of 
the Handbook include substantially all data that the fire protection 
engineer is likely to need in field examinations and tests, in re- 
viewing plans, and in planning new fire protection layouts. As 
indicated in the Table of Contents, the tables are grouped in the 
following divisions: 


a—Friction Data and Flowing Tests, covering data regard- 
ing pipes, meters, valves and fittings, hose, nozzles, 
hydrant butts, and sprinklers. 

b—Capacities, covering vertical and horizontal cylindrical 
tanks, typical dimensions of various types of tanks, 
reservoirs, reciprocating and rotary pumps, piping, 
and sprinkler systems. 

c—Miscellaneous, covering static pressures, hydraulic rules, 
metric conversion tables, melting and flashpoints of 
substances, data regarding gases, comparative ther- 
mometer tables, freezing temperature records, and 
automatic sprinkler fire record. 

d—Curves, covering in graphic form the data most fre- 
quently needed by the fire protection engineer, namely: 


Fig. 161—Friction of Water in Pipes. 
Fig. 162—Effective Range of Fire Streams. 
Figs. 163 and 164—Small Hose Stream Range and 


Discharge. 

Fig. 165—Theoretical Discharge Through Circular Out- 
lets. 5 

Fig. 166—Hose Stream Data (Selected from Freeman 
Table). 


Fig. 167—Hose Stream Data (Selected from National 
Board Tables). 
Fig. 168—-Discharge from Sprinklers. 
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y Fig. 169—Necessary Excess Pressure for Pressure 
Tanks. 
Fig. 170—Amount of Water and Air Pressure in Pres- 
sure Tanks. 
Fig. 171—Melting Points of Various Substances. 
Fig. 172—Range of Temperatures. 


Ze The functions of most of the tables will be self-evident, but 
a word of explanation regarding certain points may not be out of 
order. 


Table 3. 


3. Table 3, Relative Discharge Capacities of Pipes, shows the 
number of pipes of a smaller size needed to carry between them 
the same amount of water as a larger pipe and with same fric- 
tion loss: For example: the ratio of 8” to 4” pipe is 5.66. Re- 
ferring to Table 1, we find, with a flow of 500 gallons per min- 
ute, that the friction losses for 8” and 4” pipes respectively are 
.22 and 6.40 lbs. If 5.66—4” pipes carry 500 gallons between 
them, each would carry 88 gallons. The loss in 4” pipe for such 
a flow lies between .19 and .33 Ibs., or fairly close to .22, quite 
as close as hydraulic tables can be expected to come. 


Table 6. 


4. This table of friction losses in fire hose is particularly valu- 
able, because it. covers 3”, 3%”, and 2 lines of 2%” hose siam- 
esed, as well as 2%” cotton rubber-lined hose. The table also 
carries the flows up to a high rate in gallons per minute. 

5. A comparison with the Freeman Table No. 15, covering also 
100-ft. lines of hose, shows fairly good agreement between these 
sets of tests, made something like twenty years apart. It is fair 
to assume that the later National Board tests more nearly rep- 
resent the frictions encountered with modern best quality of fire 
hose, and where hose friction data is desired, Table 6 can be 
safely and, because of its form, most conveniently followed. 


Table 9. 
6. The effective horizontal and vertical reaches of fire streams 
given in this table are conservative in the sense that it is often 


possible to do fairly effective work at greater distances than 
those specified. The important point to bear in mind, however, is 
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that a fire stream is most effective when it strikes the burning 
material in solid form. 


Tables 14, 15, 16, and 17. 


7. These famous Freeman Pump Inspection tables have for 
approximately 35 years constituted the foundation of fire pro- 
tection engineering practice in so far as hose and hydrant fric- 
tions have been concerned. In conjunction with other Freeman 
tables they have furnished practically all of the information that 
was necessary to handle the hydraulic problems in connection 
with fire protection engineering. The only valuable additions to 
the available knowledge have been the more recent tests of the 
National Board of Fire Underwriters, which have been published | 
in a booklet entitled “ Fire Engine Tests and Fire Stream Tables.” 

8. The selected data appearing in graphic form in Fig. 166 
probably will prove ample to the needs of fire protection engineers 
when conducting the ordinary field tests. 

9. These four tables give a very considerable variety as to 
hydrant. pressures and sizes of nozzle and some variety as re- 
gards length of hose. It will be noted that 150-ft. lines were the 
longest employed where nozzles were attached, and that the open 
hose butt tests have been run with lengths as great as 400 ft. 


Friction Tests and Calculations. 


10. The elements that enter into the ordinary friction tests or 
calculations of a water system are as follows: 

a—Hydrant pressure with water flowing. 

b—Friction loss in hose. 

e—Nozzle discharge pressure. 

d—Gallons discharged through each hose line. 

11. Tables 14 to 17 inclusive give “a” and “d” directly and 
show the size of the nozzle or hose coupling through which water 
was discharged. By referring to Table 12 and 13, it is readily 
possible to ascertain the pressure at the nozzle necessary to 
discharge the given quantities of water. Subtracting the nozzle 
pressures thus ascertained from the hydrant pressures, the fric- 
tion loss in hose is obtained. 

12. While it is always desirable to obtain both the hydrant 
pressures and the nozzle pressures, securing either pressure, where 
Tengths of hose lines, size of hose, approximate condition of lining, 
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and kind and size of nozzle are known, will answer very well 
indeed. 

13. A common problem is to ascertain the drop in pressure 
between the source of water supply and the hydrant from which 
water is flowing. Where facilities are not available for attach- 
ing a gage to the hydrant, or where all hydrant outlets must be 
used for hose lines, the results secured are quite accurate if the 
nozzle pressure is taken, friction calculated back to the hydrant, 
and the pressure so established subtracted from the known pres- 
sure at the point of supply, as, for example, fire pump or con- 
nection to a street main. 

14. In this connection see data on methods of making water 
tests found on page 316. 

15. See also data below in regard to Table 19. 


Table 18. 


16. The Open Hydrant Butts Pump Inspection tables are ad- 
mittedly far less accurate than the data secured by hose streams, 
and open hydrant butt tests should not be used if it is possible 
to avoid doing so. The open butt test, however, is permissible 
under the following conditions : 


a—As the final test of a series in which the amount of water 
drawn from the system is gradually increased. 

b—As a rough test when facilities for laying hose lines do not 
exist. 


17. The best results are obtained if a gage is screwed into a 
hydrant cap attached opposite the open butt, but if such facilities 
are not available or if hydrant has only a single outlet, a Pitot 
tube can be used with fairly good results. It is necessary, how- 
ever, to exercise care to get an average Pitot tube reading, as the 
pressures will vary considerably at different points in the stream. 

18. The Freeman tables give representative hydrant conditions, 
and any hydrant tested, not exactly like those shown, should be 
examined and measured to ascertain which of the illustrated forms 
of outlets it most closely resembles. 


Table 19. 


19, This National Board Engine Test Hose Stream table is 
in one sense of the word the reverse of Tables 14 to 17. The 
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Freeman tables start with the hydrant pressure, and the National 
Board table with the nozzle pressure. It is to be noted that the 
table here shown gives but a small fraction of all the data in- 
cluded in the very excellent National Board booklet. 

20. These tables are particularly valuable because the water 
supply problem commonly is one of ascertaining how much pres- 
sure must be maintained at the hydrant or engine with a given 
nozzle pressure, the nozzle pressure being arbitrarily estab- 
lished by the probable conditions of fire fighting. The table gives 
the nozzle pressure, the gallons discharged, and the hydrant or 
engine pressures for various lengths of hose and with various size 
nozzles. By subtraction, the hose frictions are readily ascertained. 

21. See Table of Contents for a list of the tables on the fol- 
lowing pages. 
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TABLE 2—EXPLANATION 


The loss in head data on the opposite page is a portion of the 
R. D. Wood and Company tables which are carried to 36” pipe 
and 20,000 gallons per minute discharge. 

Note: This table is based on 1,000 feet of pipe; table 1 on 100 
feet. 

Table 2 may be used in the following ways: 


DETERMINING FRICTION HEAD FOR GIVEN DICHARGE 


This is ascertained by a direct reading, and is the most likely 
question to be raised in fire protection lay outs. 


DETERMINING FLOW FROM REDUCTION IN PRESSURE 


Knowing the loss in Pressure between two points, the distance 
between them, and the size of pipe, the friction head may be re- 
duced to a 1,000-ft, basis; then the data desired is easily obtained 
from the table. 


DETERMINING PIPE DIAMETER FROM KNOWN DIs- 
CHARGE AND FRICTION HEAD 


After reducing friction head to a 1,000-ft. basis, look along the 
proper “gallons discharged ” line to find the friction head nearest 
that determined by test. The corresponding pipe diameter will be 
the one sought, 


DETERMINING MAXIMUM DISCHARGE UNDER KNOWN 
HEAD 
Reduce the friction head to a 1,000-ft. basis, and then for any 
given pipe size find the nearest friction head. Then read the maxi- 
mum discharge obtainable under the conditions. 


~, 


TABLE 3 


ELA ISCHARGE CAPACITIES OF PIPES 


This table takes into consideration the impeding of the flow of water by 
imperfections in the interior surface of the pipes due to corrosive and 


incrusting action of the water or other causes. (From 
Wood & Co.’s catalogue.) 
io 
DIAMETER IN INCHES = 2g 
| ES 

3 4 6 8 5 a0) I2 I4 16 18 20 22 |24/He 

os | | = 

=. geo Gdisk 32.00 |15.59 | 8.92 | 5-66 | 3.85 | 2 76 | 2.05 | 1.58 | I-24 | I 24 

Rb sets 71.00 |25.74 |12.54 | 7-18 | 4-55 | 3-10 | 2.22 | 1.65 | 1.27 | I a (ie 
oe 55-94 |20.28 | 9.88 | 5.66 | 3.59 | 2-44 | 1-75 | 1-30 | I- teeeeleees| 20 
suse. 43.00 |15-59 | 7-59 | 4-35 2:76} 1:87 | 134} = EP ay SG ae < (ee 
65.80 |32.03 |11.61 | 5.66 | 3.24 | 2-05 | 1.40 | I. |...-- lf. IL .| 316 
47.12 |22.93 | 8.31] 4.05 | 2-32 | 1-47 | I-  |---+--}----- eee) BA -| 34 
32.05 115.60 | 5.66} 2.76] 1-58] Ie ]..e--|-s---[eeeeefene sees rns bc enh eo 
OTOL SO GON Ley S i kal Apo ew epost wee che sole < bea cm cle Nee pean | 10 
FE.O3 | 5.06,| 2:05 | Ie Aigisy- cate « Stelle teste <oa 5 » ts = ieee - i = 8 
LEE, | a7 Bs on a eae Peeters) Caserta kw | era 6 

POSH T Ae lence at's, coarse) | > ce tpose fs ache p aoe atele iale eicts ote 4 

I. Sea ta te .. SER ISS LSS EAS . SESS ESR 3 

| 

The last vertical column gives the diameters in inches, as does also the 
horizontal column at the head of the table. 

The numbers at the intersections of the diameters in inches of the hori- 
zontal and vertical columns give the approximate relative discharging 
capacities. or instance, if it is desired to know how many smaller pipes 
a 12-inch pipe is equal to in discharging capacity, trace along the hori- 
zontal line from the 12-inch diameter -in the vertical column, and it will 
be found that it is equal to 15.60 4-inch pipes, or 2.76 8-inch pipes, etc. 

TABLE 4 
FRICTION LOSS IN VALVES AND FITTINGS 

_(From_tests of the Associated Factory Mutual Fire Insurance Compa- 
nies.) Data of more general usefulness is as follows: 

; Equivalent Straight Pipe 
Object Tested of same Diameter 
Long Turn Ells..... ASIOI SABER OR 4 feet 
Shorts L uri flls eye ttetees seahorse irre 9 feet 
Tone wT Min, Dees: on acy cosets tice Mee eee 9 feet 
Short. L urn GES: .a.5 6 BE ER Pe RA oh ee 17 feet 
6 Straight Way, Checks vu. «nc. epeaineedn sc 50 feet 
méestraght Way Ghetk..ccc. toc eeee Core 25 feet 
> 6” Differential Dry Pipe Valve (average)....... 20 feet 

@ English AlarmpChecks. ccc. oven sos 100 feet 
4” English Alarm Check....... «Ace entre item 47 feet 


Note: 1922 Bulletin of University of Wisconsin, Engineering Series Vol. 
IX, No, 1, contains exhaustive data regarding loss of head in valves and 
pipes of 4” to 12” in diameter. 
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Name and Type 
of Meter. 


RECIPROCATING 
Piston 


By-passep CHECK 
Hersey D. M......... 


Neptune Protectus. 
Prain CHEcKk 


Factory Mutvat. 


nae 


2.2 
2.0 
o.1 | 
- |0.z jo. 
0.0 | 
10.0 |0.2 
- |9.E |o.4 
- |0.0 10.3 
0.0 (0.0 | 
to in. |o.0 |o.1 | 


; 
; 
} 
; 
; 


\r.4 


6 in. |o.3 


4 in. |o.5 |o.52 
6 in. |1.3 |0.5 
8 in. |0.87.0.5 
ro in. |o.5 {2.2 
1z in. |o.2 |2.0 


/ 
4in, 0.57'0.75| 
6 in. 1.7 |0.55 
8 in. 1.00 0.55, 
zo in. |0.24 2.0 
i2in, pra 
6 in. 1.6 


4in. 0.0 |o.1 
6 in. 0.0 ag / 


6 in. |2-4 t+ 


CTION LOSSES IN METERS 


Loss of Pressure in Pounds Caused by Meter. 


Gallons per Minute Flowing. 


500 | 75° 1080| x2s0 1500 


cca Ie ey (peed (eee eee - 
6-2 |3-9 |24.8 |38.7 
2 cee 1 
; | Ginglescree 
2.5 | 6.0 10.2 16.2 23-9 
} 
4.1 | cE ERIE | Serer ie eee, een Jane pets Ee 
[Bz [x89M ...-3) 2-2 | 4.2 | 
1.0 | 2.2 4.0 | 6.2 | g.0 
2.2 | 4.9 | 8.7 |13-5 |190-5 | 34.6 -|--2-<-.. 
2.8 | 4.2°| 7.4 |22.6°|x6.7 | 206 |°........ 
09 | 2.1 | 3.7 | 5.8 | 8.4 
0.7 | 3-5)| 2.7 | 4.2°| 6.3 
X.7 | 3-8 | 6.9) 110.9 115.5 |.-0cdocee] - 
1.2 | 2.8 | 5.0| 7-7 |11.2 
°.7 | EMC) 28: | 4-9 1 6.4 |5..4--h 022. a 
0.35] 0.7 | 1.45] 2.2 | 3.2 
| 
/ _—— 
5.6 23-0 23.0 Sooke | soodpo [pyorgeedll -trgtions 
at 
0-55] ZZ] ZO) | Bence | 400cde, [op soovoi dl pigdcsood 
0.5 | 0.5 | 0.5 | 0.65) 0.9 
0.5 | 0.5/0.5 | 0.5 | 0.5 
°.5 ; 0-5 | 0-5 | 05 | 0.5 as 
0.5 | 0.5 | 05 | 05 | 0.5 
1.25| 2.8} 5.0 | 2.2 |) let oLeet 
©.7 | 0.85) 1.00 1.66) 2.3 
0.6 | 0.7 | 0.75) 0.8 | 0.9 
0.58, 0.6 | 0.65) 0.7 | o. 
0.5 | 0.55| 0.6 | 0.62) 0.6 
3-8 | 3.2}, 2.9 | 7.7 | 2.6 
9:6 | x:3 | 2.9) | cccees (Eee 
0.28] 0.70}, 1.20) .,.... ipa 
oh tes ae 3-2 4.5 


alee nag axed * were equipped with fish traps at time of test; the 


d no -tra 


ber gt 


eeediee dies. 


aime the et da tests, modifications may have been made in some of the 
possib’ g the friction losses somewhat. 

tees were forced. through the meters in some of the 

every ad pees he t determine the 


Ariction dass under ex- — 
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TABLE 6 
FRICTION LOSSES IN FIRE HOSE 


Based on Tests of Best Quality Rubber-Lined Fire Hose.* 


be Mi y D 

S | pressure Loss IN EACH|| & Pcatiso FER 

e 100 FEET OF Hose, a » | HOSE, POUNDS PER 

©2| PounpDs PER SQ. INCH. || £ = S 1 

} 2 a 2 Q. CH, 

ce 24° ° 3” 2 Lines of = ‘— ~ |2 Lines of 

247 2}” - 

ce} fe 

= Hose.| Hose.) Hose. Siamesed.|| f= Hose.|Hose, Siamededl 
eeTe ORES | ee ee ee Se Ee 


Ge2i|) 2.011 0.9 1.4 |f $25 | 23.2] 10.5] 16.6 
ORG 2-Onl eyes 1.9 550 | 25.2] 11.4] 18.1 
SP lO oe 3 253 ‘575 | 27.5] 12-4] 19.0 


Zhe a Sea) 113.7 5.9 y2e | 42. 3|)18.Ou 1 g0u2 
23.8 | 9.3 | 4.2 6.6 750 | 45.0] 20.1) 32.2 
26.9 |10.5 | 4.7 7.4 775 | 47-8] 21.4, 34-2 
30.0 11.5 | 5.2 8.3 800 | 50.5] 22.7] 36.2 
33.0 12.8 | §.8:] 9.2 825 | 53.5] 24.0] 38.4 
SO.2:(IAct 1 0.3 |) 2Osk 850 | 56.5] 25.4) 40.7 
GO0GkSe7 le 7eOlpe Lies 875 | 59.7| 26.8) 43.1 
45-2 (17.5 | 7-9 | 12.5 goo | 63.0) 28.2) 45.2 
50.0 |19.3 | 8.7 | 13.8 1,000 | 76.5] 34.3} 55.0 
$00 [55.0 [21.2 | 9.5] 15.2 1,100 | 91.5] 41.0] 65.5 


* Rough rubber lining is liable to increase the losses given in the tables 
as muchas 50 per cent. 

From ‘Fire Engine Tests and Hose Stream Tables”? by National 
Board of Fire Underwriters. 
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TABLE 7 
COMPARATIVE FRICTION LOSSES IN FIRE HOSE 
(From Experiments of J. R. Freeman) 


In pounds per one hundred feet, with various amounts flowing. 
Nominal diameter 2%4 inches; actual approaches 25% inches. 


| Gallons Flowing. 


r59 200. 250. | 300. 350. 


Unlined linen........... 5 12 2g {i £23 | lb a6 62 
Rubber-lined, fair....... | 4” hf io 18 | 29 | 40 54 
Rubber-lined, good...... 243 a\| Sat OL T4 Lie 20 27 


The ratio of friction losses of large hose and 214-in. rubber- 
lined hose is approximately: 3-in—38%; 3'4-in—17%; 4-in. 
—9% ; 4¥2-in.—5% ; 5-in.—3%. 

1920 tests of the Factory Mutual Laboratories showed friction 
loss per 100 ft. of hose with 250 gals. per minute flow to be 3.25 
Ibs. greater in 214” than in 254” cotton rubber-lined hose. 


TABLE 8 
RELATIVE DISCHARGE CAPACITIES OF NOZZLES 


t gr ar | yr lye ry” | 14" [x97 | 19 | 8” ry” 

Ta aa a | | | 
8 ivy te” |12" 12 | 23 | 2¥” | 237 | 3” 3” 3377 
iS Ts Ti\ 2” 21” 2y” | 23” \3c5"| 32” | 38/7 4% 
a 6 14a; 24” | 275”| 23/7 | 326138” | 348”) 4” Bape 
2 a BT | 2s" 24" | 3” 3 | 3e” TQ } Ta 
3 re [a [av a7 a Wawona | 
E lou? [ai a7 1s” a7 [ad ta 
vA ro. “22” | 22” 13%|\3e 7\ 4’ a Se: ‘tare Sa 

ar [2 Way” 1207 [ate | 38” | es 

ta [axe 28” 137 1397 13” | 


Method of Using—To find which size nozzle equals two 14-inch nozzles: 
On the line aed 2, the size nozzle (1§) in the column 14” will be the 
corresponding size. 
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TABLE 9 
EFFECTIVE RANGE OF FIRE STREAMS 


Showing the Distance in Feet from the Nozzle at which Streams will do 
Effective Work with a Moderate Wind Blowing. With a Strong 
Wind the Reach is Greatly Reduced. 


90 


Size or Nozzuz. 


sclnchs x}-Inch 3}-Inch. 13-Inch. x}-Inch. 

le] Be |] se Ze a¢ Ze ae Le gelZe 
ba] a | 22 | $2 | Fa] Ss || S8/ $3 | 23] 33 
Ee) 13 m. eo) = 

35 | 37 || 39 ; 38 || 36] 39 || 36] 40 “37 | 42 

43| 42 || 44] 44 || 45] 46 || 45 | 47 || 46 | 49 

st | 47 || 52] 50 || 52] 52/1 53 | 54 || 54] 56 

58} sr |} 59] 54 || $9] 58 || 60] 59 || 62 | 62 

64 55 65 59 65 | 62 || 66 | 64 || 69 | 66 

69} 58 70 | 63 7o | 66 || 72 | 68 || 74 | 71 

73| 6 || 75 | 66 || 75} 69 || 77 | 72 || 79] 75 

76| 64]| 79] 69 || 80] 72 || 81 | 75 || 83 | 78 

79| 67 || 83] 72 |] 84] 75 || 85 | 77 || 87 | 80 

82, | “Fo 86 | 75 87 78 || 88 | 79 || 90 | 82 

Seog 88 | 77 go | 80]] 91 | 82 |} 92 84 

87 | 74|| 90] 79 || 92] 82 || 93 | 84 || 94 | 86 

89 | 76 g2| 8: 94 | 84 || 95 | 86 |} 96] 88 

91 | 78 || 94] 83 |} 96] 87 ||.97 | 88 || 98} 90 

02>) cons OG))mrcs 98 | 89 |] 99 | 90 ||100 


gi 


Note—Nozzle pressures are as indicated by Pitot tube. The horizontal 


and vertical distances are based on e 


Transactions Am, Soc. C. 


B.; Vol, Xx 


Spi ae by Mr. John R. Freemen, 


695 


VA 
711 


HEC EEE EE HH a 
GREE SSR Eee flea a ie a 
| 0 Le = 0 
& Pete Uae es (erage bl n\ 
z ECCLES 
i- a 
| Coco More 
HEP Sst 
Cece sector 
EA NS 
CCCs ees 
a a a Ps 
a a fe ey a a ts pt 
200005550 50680 
i BERR ESLANSRE 
co 
[| 
LH 
Hy 


DIAGRAM 


ie) al eo 
sauae 
ly 
aE 
i im 
ct i 


H 
i 
a 


| TI 
| 
= j 
! 
| 


; > on en a a 
Miscellaneous Tables 


7 A SS a OO 
TVA TS ES ie 


i 


OOPLS HS 09 POlP HP) YEE] f PW OLVSCRLS 


—— a ey ae on ’ 


a . 4 
a ie Seen cH oH 
a HE 
Spleen a : HHH 
feteenes SSEEESETEL \\eseteseey 
ro Co M4 H ENN SCC 
ro NCCE 
co = a aw ane 
Ho Coo COCOONS 
” Cocco EEEEEEEEEEE ECA 
HH na Coe COCCNACEEE 
iad Coe Se A a 
2 roo FIST Ee 
vim fen mo PCC ELEC Bento RELe tt 
8 2 Sob Ree ASS 


40 


Zo 30’ 
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TABLE 10 
Bee 
ay 


a 


4 


rites 
ha 
a 

e 


AN 


q 


ARK ANE 


2 
d 


Ava 


1g 


Water Flow ir Gallons per Mirute. 


0 
0 20 40 60 80 100 [20 140 160 180 200 220 240 260 
Differential Pressures or Both Sides of Orifices ir Pourds per Square Irch. 


Fic. 163. HicH Pressure DiscHarceE THRoUGH SMALL NOZZLES 


MINE FIRE STREAM DATA 


Figures 163 and 164 show results of tests made under direction 
of Benjamin F. Tillson with underground fire system in mines of 
the N. J. Zinc Co. Static pressures up to 500 pounds were in- 
volved. Relatively small distributing mains were used, hose valves 
were bushed to give small orifices, 114”, 5-ply rubber hose was . 
employed, and nozzle sizes ranged from ™%” to 13/16”. It was 
found that one man could safely handle ™%” nozzle with flow of 
90 gallons at 150 lbs. nozzle pressure, giving horizontal range 
under low mine head-room conditions of about 100’. 
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TABLE rr 


ed | 
Bs 
Rea 
t= t=| 
Bop 
| 
el 


eVaKeaTy 


A VAG Oe 


Horizontal Distance from Nozzle ir Feet 


O 10 20 30 40 5D 60 70 80 90 100 110 120 130 140 150 
Pressure of Water at Nozzle ir Pourds per Square|rck. 


Trajectory of Hose Streams from 3” Nozzle Erte za in. Above the 
Ground, with Maximum Height of Stream Limited to 6 


Sresegeee: afte 
44H ae ae 
Ry 
% 


eee 
ZC Ga ea 
|_| Si ee 
ai R stan razlnate 
Le Cae aS 
2 UP yall Gy teed TE si ed A eT 


60 80 100 120 140 160 180 200 220 240 260280 300 320 
Hydrart Pressures Ir Poureds per Squarelrck. 


100 
90 


ute 
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SRRAANe 


gs 
IRS 
| | INS J TT 
| | TRS 


Dischargeof Eack Nozzleir Gallors perMin 
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Sie 


0 2 4 
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Pressure Required at the Hydrant to Allow for Hose and Nozzle Fric- 
tion and give Discharges shown. 
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TABLE 12 
DISCHARGE THROUGH SMOOTH NOZZLES 


Nozzle Pressure Measured by Pitot Tube 


ee 


Nozzvz Dram. in Incugs, Nozzie Diam. In Incues, 
Nozzle H samc ligina igi § 154 0utle c hiirooel Lie 16° $65 cspeete 


Pressure 
in Ibs. per in ne 
sq. inch, Gallons per minute. at eh Gallons per Minute. 

6 66 84 108 125 149 60 229 «290 #857) «6488—CiséBIT 
6 22 92 113 137 163 62 233 295 863 44 525 
7 Ke] 99 122 148 176 64 237 «299s «869s 44SsCéw 
8 84 86106 181 158 188 66 240 804 87% 455 642 
9 89 112 0-189 168 = 200 68 244 $08 881 462 BSD 
10 97 118 146 177 = = 211 7 7. S138 «88604698 
12 102 130 160 194 231 72 251 818 $91 425 566 
14 110 140 173 210 249 74 24 822-897 482 574 
16 118 150 18 224 267 76 258 826 402 488 588 
18 1 159 196 287 268 78 261 880 407 494 589 
20 182 «6167 «=—.208- h0——séB 80 264 835 413 500 6596 
22 189 175216 263 «89-318 83 268 839 418 8507 604 
24 145 183 2260-275 327 84 271 843 423 513. 611 
26 151 191 235 286 486840 86 274 347 428 519 618 
38 157 198 244 297 =: 853 88 277 = 851 483 525 626 
80 162 20 8696853) «= 807—Ss868 90 280 855 438 5Si 638 
82 167 =. 212 261 817 877 93 283 859 443 «BST 
$4 172 =. 218 269 827 889 94 286 363 4704S ST 
86 WW «884 kTTs 888 «400 96 289 867 452 549 Gt 
88 1820 O31 285 845 dil 98 292 «68700 | (456 554 660 
40 187 237 «6292s B54 4D 100 295 874 461 560 43-667 
42 192 248 299 «= 868 432 106 808 383 473 574 86683 
44 196 §=-48 806 =: 872 442 110 810 $92 484 «588 699 
46 200 254 $13 880 452 116 317 401 495 600 715 
48 205 259 820 888 462 120 824 410 505 618 = 780 
50 209 265 826 = 896 472 125 831 418 516 «66260745 
62 213 270 838 404 481 130 S87 427 526 638 760 
54 217 275 839 0 412 490 185 848 485 586 650 «= 775 
56 221 +280 845 419 499 140 80 443 646 662 789 
58 225 25 3851 426 508 146 86 450 556 674 808 
60 229 «290 «68570 Ss 434—s«é# IIT 150 362 «458 «565 OSG —“iéSTZ 
Assumed coefficient of discharge percent. = .99 .99 99 .99%% 99% 


Note—Coefficients of discharge are based on experiments by Mr. John 
R. Freeman, Transactions-Am, Soc. C. E,, Vols. XXI and XXIV. 


¥ be Nella 
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TABLE 12 
DISCHARGE THROUGH SMOOTH NOZZLES—(Continued) 


Nozzle Pressure Measured by Pitot Tube 


iosie . Nozze ee nM aS Waaxte Nozziz Diam. m INcHES. 
Pecnsuen 54 (134 % BA Prensice 16 1% 1% 2 234 
In lbs. per in Ibs. ne 
#q. inch. . Gallons per Minute. ng Gallons per Minute. 
5 175 «03 «estes sar || 60 607 704 810 920 1107 
8 19% 223 26 292 #8 369 62 617 716 82 936 1187 
7 207 «241 «87 «(815899 64 627 «727 «886 OE1«1206 
8 22 27 296 836 «427 66 636 738 850 965 1224 
9 235 273 814 87 452 68 646 «67500 86Bi—iKDCsédKD 
i6 2438 «288 «6830 6876477 70 655 761 875 994 1280 
12 271 «6315 B62 41D DB 72 665 8 771 887 1008 1275 
14 28 $40 «891 445 (Bet 74 674 «783-900 «10281206 
16 318 864. (ss 418475 i(iti«éB 76 683 792 911 1086 1813 
is 832886 444 iOCéiO 738 6092 «868038 869924 «1050 «1880 
20 350 407 468 532 674 80 700 «6813. «985 «1068. «1B47 
22 867 427, «4900-55707 82 709 «68230 =— 461076 =Ss«21864 
24 884 446 512 682 87389 84 718 833 959 1089 1880 
26 400 «464 533 606 769 86 726 &48 970 1102 1896 
28 415 481 54 4629 «6799 88 735 88S 981 1115 12 
30 429 498 572 651 826 90 743 862 49992 1123 129 
32 443 514591 673 854 92 751 872 1002 1140 1445 
84 457 530 610 693 880 94 759 881 1012 1152 1460 
36 40 B46 627 713 905 96 767 890 1022 1164 1476 
38 483 561 645 733 930 98 775 90 1082 1176 1401 
40 498. 875 661 752 954 100 783 «909 «1048 1189 1506 
43 68 589 678 770 978 106 803 982 1070 1218 1542 
44 520 = 603 694 783 1000 110 622 954 10905 1247 1579 
46 531 617 710 8=6©806 «1021 115 840 975 1120 1275 1615 
48 643 630 725 824 1048 120. 88 996 1144 1808 1649 
60 4 64 740. B41 1065 126 876 1016 1168 1829 1688 
52 565 656 754 857 1087 130 693 1086 1191 1856 1717 
64 576 668 769 873 1108 135 910 1056 1218 1882 1750 
66 586 680 782 889 1129 140 927 1076 1285 1407 1780 
68 596 469692 «67960 SS ss1149 145 944 1095 1257 1438 1812 
60 607 «#39704 8810 920 1168 160 960 1114 1279 1456 1848 


& 


Assum: 


coefiicient of discharge percent. = .995 .095 996 .997 .997 
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TABLE 13 
THEORETICAL DISCHARGE THROUGH CIRCULAR OUTLETS 
For Use in Making Hydrant Tests With Pitot Tubes 


-707» U. S. Gallons per minute 


Head. 
Velocity Diameter of Cutlet in Inches. 
in Feet 
Lbs. per Sec. 
per | Feet. | 8,0 Foal Py; : 
a4 4 in. 2% | 2% | 2% | 253 | 2% | 24 | 2%) 3 | 3%] 3! 
187] 205] 226] 246] 269] 292] 315 
264] 291| 319] 348] 380} 413] 44 
323] 356] 39%] 425] 465] 505] 54! 
373| 410] 452] 492] 537] 584] 63x 
417] 450] 505] 553] 601] 652] 705 
457] 524] 553] 605] 658} 714] 772 
494] 545] 597] 653] 711) 772) 834 
528] s&r| 638] 696] 760} 824} 892 
560} 615) 677} 740] 806} 874) 946 
590] 649] 714] 780] 850] 923} 907 
619 |’ 680] 749] 817] 891] 968)}1046 
646] 711] 782] 85:| 931\r0r0|1092 
673| 74°] 814] 888} 969|1051]/1137 
698} 768] 945] 921/r005]1092/1180 
722) 795| 874 | 953/104c|1130] 1224 
746] 82t] 903] 985|1075]1166|126% 
769 | 847] 93% |fors|1108]1201]1300 
79t} 872] 958 |1044)1r40]1235/1338 
813] 896] 904 |1072/1171]1269/1374 
834] 920] Toro |t100]1201]1302|/1410 
875] 964] 2059 |1155]1260|1368]1479 
gr4] 1 1106 [1206/1316] 1430/1545 
OSX | 1047 | II5T |1255]/1370/1485| 1608 
987 | 1086 | I194 |1303]1422|/1540/1668 
1022 | L124 | 1236 |1350]1472|/1594|1727 
1055 | 1162 | 1277 |1395|/1520]1648| 1784 
1088 | 1199 | 1316 |1438]1566/1701/1838 . 
IITQ | 1234 | 1354 ]1479|16r2|1752|1892 
I150°| 1267 | 1393 |1520]1656] 1800]1944 
1180 | 1300 | £1428 |1559] 1699] 1848] 1994 
I209 | 1331 | 1463 ]1596|1741/1892|2043 
12374 1362 | 1497 |1632|/1782|1935|209 
1265 | 139% | 153% |1670]}1822/1975]2138 
1293 | 142% | 1564 ]1707|1861|2020]2184 
1319 | 1450 | 1596 |1742/1900| 2060]2229 
1343] ..-. | 1628]....]1937]....2274 
1372] ..+- | 1659]....]1974]....12327 
1400] .... | 1689|....]/2010]....]2359 
1424 | ..0+ | I719]....-|2046]....]/240r 
1448] .... 11749 +ee-/2081]..,./2442 
1472 | eee | 1777 |..--/2T15]....1248 
1496 | .... | 1806 Taunbangol .laeae 
516] ...- | 1834]..../2183]....]256r 
1540] .... | 1862]....]22r5|....|2600 
1564] .... | 1889]....]2248)....|2638 
1618 ++ | 1955 ]....|2326]. .]2730 
1672] .... | 2019]....]2403]....|2820 
1772} .... | 2142]..../2549]....|299% 
18571. 22581..../2687].... pas 


Miscellaneous Tables 701 


TABLE 13 
THEORETICAL DISCHARGE THROUGH CIRCULAR OUTLETS 
For Use in Making Hydrant Tests With Pitot Tubes 


§ U. S. Gallons per minute 


Diameter of Outlet in Inches. 


an| 5 


4% | 4% | 4% | 434 


4 | 4% 


3% | 5% 3% | 3% | 3% 4% 


349} 366/ 394] 420] 448] 478] 508! 540] 570/ 605] 640] 675| 710] 748 
480/ 517] 555] 594] 634] 676] 718} 765] 805] 855] 904| 955| x005| 1060 
583] 633] 680 27) 775| 827] 880] 935] 986] 1044] 1105 | 1165 | 1230 1295 
680 3r} 785 a 895 | 955] 1018 | 1080 | 1140] 1207 | 1275 | 1350| 1420 1492 
760 17} 878] 938 | rooz | 1068 | 1135 | r210| 1280| 1352 | 1430| 510 1588 | 1676 
835| 896] 962] 2028 | 1098] 1170] 1245 1330 | 1400] 1485 | 1570] 1652] 1740 | 1835 
920} 967 | 1040 | Irrx | 1185 | 1263 | 1345 | -430] 1510] 1600] 1690] 1785 | 1880 1980 
960 | 1034 | r110 | 1187 | 4265 | 1351 | 1440 | 2528] 1615 | 1710| 1805 1910 | 2010] ar15, 
ozo | 1097 | 1178 | 2259 | 2344 | 1433 | 1528 | 2620] 4715 | 1818] 1915 | 2025 2130 | 2245 
1076 | 1156 | 1240 | 1327 | 2420| 1510 | 1608 | 1710] 1810 1920 | 2020 | 2135 | 2246 | 2370 
1128 | 1213 | 1305 | 1392 | 1486 | 1584 | 1685 | 1794 | 1895 | 2010] 2120| 2240 2357 | 2485 
1178 | 1267 } 1360 | 1454 | 1550] 1655 | 1757 | 1870| 1975] 2005 2215 | 2340] 2458 | 2505 
1226 | 1318 | 1418] 1515 | 1615] 1722 | 1829 | 1950| 2060| 2180 2305 | 2435 | 2559 | 2700 
1273 | 1368 | 1470 | 1572 | 1675 | 1787 | 1898 | 2020| 2138 | 2260| 2390 | 2525 2655] 2800 
1318 | 1416 | 1520 | 1626 | 1735 | 1849 | 1965 | 2089 | 2215 | 2340] 2470| 2610 2750| 2900" 
136r | 1463 | 1570 | 1679 | 1795 | 1910 | 2030 | 2158 | 2288 | 2418 | 2550 2695 | 2845] 2990 
1402 | 1508 | 1619 | 1731 | 1850 | 1969 | 2092 | 2226 | 2354 | 2492 | 2630 | 2780 2939 | 3080 
1441 | 1551 | 2662 | 178r | xrg0r | 2026 | 2151 | 2290 | 2420| 2564 | 2710 | 2865 | 3010 3170 
1480 | 1594 | 1715 | 1830 | 1952 | 2082 | 2218 | 2352 | 2485 | 2635 | 2785 | 2945 3090 | 3260 
1519 | 1635 | 1755 | 1877 | 2002 | 2136 | 2270 | 2412 | 2548 | 2700 | 2855 | 3015 3170 | 3340 
1595 | 1715 | 1840 | 1969 | 2100 | 2240 | 2380 | 2538 | 2670] 2838 | 2995 | 3160 | 3330] 3505 
1665 | 179% | 1920 | 2056 | 2194 | 2340 | 2484 | 2642 | 2790| 2960 | 3125 | 3300] 3480| 3660 
1732 | 1864 | 2000 | 2140 | 2282 | 2435 | 2588 | 2758 | 2910 | 3080 | 3250 | 3440 | 3620] 3815 
1798 | 1935 | 2078 | 2221 | 2368 | 2527 | 2682 | 2854 | 3020] 3200 | 3375 | 3565 3755 | 3960 
1860 | 2003 | 2150 | 2299 | 2450 | 2616 | 2776 | 2960 | 3130] 3310 | 3496 | 3690 | 3885 | 4100 


2606 
2302 | 2480 | 2665 | 2847 | 3035 | 3239 | 3440 | 3660 | 3870 | 4097 | 4325 | 4575 | 4810 | 5075 
2352 | 2533 | 2720 | 2908 | 3100] 3309 | 3515 | 3740 | 3955 | 4185 | 4420 4675 | 4910 | 5180 
2400 | 2586 | 2775 | 2968 | 3164 ' 3377 | 3583 | 3818 |! 4034 | 4268 | 4510 | 4770.| 5o10| 5280 


Note: Unless the orifice is entirely filled with a stream containing no 
air, the figures may be misleading or worthless, and the pitot orifice should 
be in transparent or clear water free from air. The discharge will seldom 
be more than 80 or go per cent. of the figure given in the table unless the 
contraction or sectional area of the stream is taken into account. 
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Fic. 166. Hose Stream Data. 
(Selected from Tables on pages 704—711 inclusive.) 


TABLE 14 


PUMP INSPECTION 
= Discharge of Nozzles attached 


Ye -Inch 
HYDRANT 1%/s-Inch 114-Inch 11/g-Inch {-Inch Smooth Nozzle, 
Smooth Nozzle. | Smooth Nozzle. | Smooth Nozzle. | Smooth Nozzle. ] or 1-inch Ring 


Nozzle. 


PRESSURE 


Gals. per Min, Gals. per Min. Gals. per Min. Gals, per Min. Gals. per Min. 
WAG DCE Rs rd ene rt pee rer (ene err ES, 
while 3% | 23 3% | 23 3%| 23 §4| 53 $%| 23 
83128 32\28 33\28 33/28 33\28 
Stream is og is Ooglsg og ga og |38 og | 
flowing zo |aa 39 |ha go | a go|2 a ee 
3 |23/bs eulrot g |ssi/Po] s |esibsT s |esl|zs 
by Gauge] $ [2a/22) § [23/22] 8 |22le2| = |23\ae] 2 28/33 
attachedto] & |aa|faq @ feslS$a] =e |E“|S8] 8 /E4\ee] a jes\e8 
o{|on o||o sii eae |2l\|oo aAlsiijs 
Hydrant, 8 1o2 1s | 8 je Je | 8 j2= jel 6 |= lel & |/8sje! 
as shown. § 136/85 4 ad|o9o A ladles 8B |lssios & |ssios 
-| 3 [28/22 ag|22) a j22|42] 4 jes /4i] 3 (23/43 
ae 8 ee i oe ee 3 |em| ba 
° o 2 Ss s ° oa|i¢ ° cS e °o cajié 
a |eaolez taiez 8 |jeaiag a jeS|ez a |esleg 
fo a fe eas § Sof} § & 
Lbs. ad |2a)24 Sajsqi qd issisa) a |S2\281 2 (Shiba 
persg.in. |] b 19° 16 Bb 18° jo bm |" [07 | -B LS fo Bb 1a 16 
eS a S| SY ee ee Dea feel pee Sn el toeeel GSE ems ae 
5 90] 92)103} 80} 82] go] 70] 71| 75} 59] 59] 621 47 47) 48 
10 127|131|146] 114/116|127] g9/1o1|107] 83) 84) 87] 66) 67) 68 
15 I55|160|179] 140/143/154] 121 123)131 IOI102/106f 81} 81) 84 
20 180]185)206} 161]164]179] 140/142)151] 117,118|123] 93) 94, 96 


180|184!200 156/158|169] 131|132|137] 104 105 107 
el ai 219 171/173)184] 143/144]/I50] 114 115 \118 
213/218|236] 184/188) 199] 154)156|162 123|124|127 


227|/233/253] 197|201/213) 165|167/173] 132/133/136 
241|247|269 
255|260/283 
267|273|296 
279|285|309 


25 201|207!230 
80 =} 220\226!251 
85 =| 238/24s5/272 
40 | 255|262)291 


45 2701278] 309 
a) 284) 293} 32 
55 298] 307| 341 
60 311|320|357 


!o13|226 175|177|184] 140 141144 
1/224|/238] 184 186|194] 147/148)152 
2)235|250 193/195 204] 154 155/159 


\245|261 202/204|213] 161) 162/167 


3 


Db HDHD HN 


& & N 


290 296|322 252)255/272] 210/213/221 168] 169|173 
301| 307/334] 261|265)281 a18|221 230] 174/176)180 


311/318/344] 270/275|291 226228 238] 181 ea 
322/329|357] 279|284) 301] 233/236/246 186 188 192 


332|339|369 288/293 310] 240'243)253] 192|193|198 


341/3491379] 296 301/319] 247 250!261] 197/199|204 
350/358) 390] 304) 309/328 253/257|268 203 204/209 
359|368!400] 312/317'337] 260 264'275] 208/210/215 


65 = | 324/333/371 
10 | 336/346)385 
75 | 348/358)399 
80 | 359370412 
85 371/382|42 
90 | 381/393'437 


95 — | 392|403/449 
100 402|414|461 


Quantities are stated in United States gallons of 231 cubic inches. 
794 


TABLE 14 


TABLES. TaBLe B.—No.4 


ee) 
to 50 Feet of 21-inch Hose. /R.PRaEMas, 1888, 
—————— rere 
Nii) i. 1A a... iL 


34-Inch 
a 
Smooth Nozzle, 1%-Inch 1%4-Inch 1¥8-Inch 
an Bag Ring Nozzle. Ring Nozzle. Ring Nozzle. 
Gals. per Min. Gals. per Min. Gals. per Min. Gals. per Min. 
Eo, ts Mal Patmaieel Schell ~~ tiesSes 
38|3¢ 54) #4 5g) 2 Eq) 2 | HYORANT 
& § 33 S aie ee] 26 
£8 | 2g Sa) B3 | $8 | 28 S3| 22 | PRESSURE, 
3 |23|Ps ¢ | 33] be | 23] bs ; | 33] pe 
- 8 23/53 2 |£s| 22 2 |5s|]=2 s |ss/| 23 
& /E4\sa fies] 83 124! 32 clad) ae 
a |) |S> s1| 64 stje=s | SST] 38 
£ (25/3 2 |2:/¢2! € |2- |e! g |i) Z7 
s& 3 s soles & Bo] oo q 1 5 
B83) 53 A) ee| 23 A |e] 42 a [23] 48 
SZ ERLE 3 | of by 3 |e] Po so |e | Po 
€ |ga\es @|sal 45 @ jea}| eg ois a 
= os —@ & ES} Es a ES) eS A as ay 
a l=Zits 3 |)ea) sq a |ea| sa 3 |es\sa 
p |&° oe 5 ee £3 a: pe} Ci e- ta Lbs. 
i -” ° BIA ° bia ° per sq. in. 


36) 36) 37 75, 76 84 | 66) 67, 70 | 56) 56) 59 5 
50! 50) 51 108} 110118 | 94| 96! ror 80} 81] 84 10 
61! 61| 62 132) 135/144 | 115| 117/124 98] 99] 103 16 
71\ 71] 72 152/155, 167 | 133|135|143 | 113] 114] 119 20 


79| 80! 81 170] 174| 187 145] 151/159 | 126] 128] 133 25 
86) 87| 88 187) 191] 205 163) 165/175 | 138] 140] 145 30 
93| 93] 95 201] 206/221 | 176/179) 189 | 149) 151| 157 35 
100) 100) 101 215| 219] 237 | 188) 191| 202 | 159] 162] 168 40 
106| 106) 108 220! 233| 251 200] 203) 214 | 169] 172/178 45 
II2|112)113 241] 245| 264 | 211| 214) 226 } 179] 181| 188 50 
II7II7/119 |]| 253 237 277 | 221| 224! 237 | 187| 189] 197 56 
122/122/124 264| 269) 289 | 231 234| 247 | 196] 198] 205 60 
127|127\129 ||| 275! 280! 301 | 240| 244! 257 | 20| 206| 214 65 
132|132]/134 |]| 285] 291| 313 | 249| 253/267 | 212! 213] 222 70 
137|137|139 295| 301| 324 | 258) 262) 276 | 219] 221] 230 75 

237 80 


141/142)144 305] 311| 334. | 266) 270) 285 | 226) 228 


145 146|148 314| 320| 345 | 274) 279] 204 | 233] 235) 244 85 
149|150/152 ||| 323] 329/355 | 282| 287) 303 | 239] 242] 252 90 
153|154/156 ||| 332| 338] 364 | 290] 295/311 | 246| 249) 259 95 


r58i159jx61 UI|_ 340] 3471 374 | 298] 303) 319 | 2531 255/266 | 100 


Note—The above figures for Ring Nozzle Discharges will apply to any ordinary 
form of Ring accurately enough for practical purposes, but apply especially 
to ordinary ean of Ring Nozzle with square shoulder 1/16 or }4 inch deep. 

Ring Nozzles with “ under-cut”’ or “ knife-edge”’ shoulder, discharge, as onde 
narily constructed, about 3 per cent. less than quantity given above. 
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TABLE 15 


PUMP INSPECTION 
Discharge of Nozzles attached 


PRESSURE 


indicated 
while 
Stream 1s 
flowing 
by Gauge 
attached to 
Hydrant, 
as shown. 


13/s-Inch 


Gals. per Min. 


107 


239 
251 
261 


272 
282 
292 
301 
311 
320 
329 
337 


nferlor Rubber-lined Cotton 


= I 
Oo “Mill Hose.””—Inside Rough. 


304 
314 


324 
333 
342 
351 


ry best quality Rubber- 
lined Hose.—Inside Smooth. 


Ordina 


144-Inch 
HYDRANT | smooth Nozzle. | Smooth Nozzle. 


Gals. per Min. 


Unlined Linen Hose, 


| 
| 
| 


70 
98 
121 


139 


n 
h, 


“Mill Hose,”’—Inside Roug 
Ordinary best quality Rubber- 


Inferior Rubber-lined Cotto 
ined Hose.—Inside Smooth. 


72) 82 
}102,)116 
io 43 


144/164 


155 
170 
184 
197 
209 
220 
231 
241 


161 184 


'176|202 
190/218 
204/233 
‘ar6!247 
228|260 
239/273 


|250|285 


260}296 


251 
261 
270 
278 


270) 307 
279/319 


/288 329 


287 
295 
398 
31r 


12971339 
306 349 
314/358 
322/368 


17/g-Inch 
Smooth Nozzle. 


Gals. per Min. 


| Unlined Linen Hose, 


264 
272 
279 


“Mill Hose.”—Inside Rough. 


Ordinary best quality Rubber- 
lined Hose.—Inside Smooth. 


Inferior Rubber-lined Cotton 


272/301 
279} 309 
287/317 


i-Inch 
Smooth Nozzle. 


Gals. per Min. 


Unlined Linen Hose, 


240 


in 
7a 


“Mill Hose,”—Inside Roug 
Ordinary best quality Rubber: 


Interior Rubber-lined Cotto 


245 


lined Hose.—Inside Smooth, 


Ye -Inch 


Smooth Nozzle, 
or 1-inch Ring 


“Mill Hose,”’—Inside Rough, 


Inferior Rubber-lined Cotton 


uality Rubber- 
nalde Smooth. 


ser 


iW 


Ordina: 
lined 


155 


153,155,162 


159| 161 
165|167 
171/173 
177/179 


182! 


185|193 


188 190 
192/195 
197/200 


Quantities are stated in United States gallons of 231 cubic inches. 
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169 
176 
182 
188 


199 
204 
210 


¥ 
¢ 


TABLES. 
to 100 Feet of 21-inch Hose. 


ee 
_ "Sl a A ao. 


TABLE 15 


TABLE B.—No. 2, 


( From experiments of 
J.R, Freeman, 1888, 


Smooth Nozzle, 13/s-Inch 144-Inch 1¥s-Inch 
ioe Xe tats Bing Ring Nozzle. Ring Nozzle. Ring Nozzle, 
Gals. per Min. Gals. per Min. Gals. per Min. Gals. per Min. 
og |58 83) 22 83] 24 83| 23 | PRESSURE, 
mH IES /25 a )25| 238 a 124] ae s |32| 33 
g(2fizi ll] sl2t}ei | el2tlet | 2 lat] 
4 |23\23 4\22|22 | 2 /3s|22 | 2/23/33 
zleslb= ll gleslbs | 3 /8les | 2 /Fal es 
& eg |53 E}eg|23 | 2 |£3|23 | 2 || 2s 
8 |e 8 I] 2 |e |S9 | 2 87/24 | 2 ISF/ Ee | es, 
34) 34) 35 |]| 67) 69) 78 | 60) 62) 68 | 52) 53) 57 6 
48) 49) 5° I]/ 94! 97/110 | 85] 87) 96 | 74! 75! 81 10 
59| 60) 61 II5| 120) 135 | 104] 107] 117 90} 92] 99 15 
68 69| 71 133) 138) 155 }| 120) 123/135 | 105] 107| 114 20 
76 77 79 149 154! 174 134! 138) 151 | x17/ 119] 128 25 
84) 84) 87 163) 169) 191 | 147) 151/165 | 128) 130] 140 30 
90] 91| 93 176) 182) 206 | 159 163/179 | 139] r41| 151 35 
97| 97|100 188) 195| 219 169) 174) 191 | 148] 151] 162 40 
103|103/106 200) 207/ 233 | 180) 185) 203 | 157| 160] 172 45 
108 4h pb 211) 218) 245 190} 105/214 | 165] 169] 181 50 
113/114/117 ||| 221] 229) 257 | 1,9) 204] 224 | 173| 177] 189 55 
118/119 122 231| 239] 269 j#A08} 213] 234 | 181] 185! 198 60 
123)124 127 241) 248) 280 | 217 222/244 | 189] 192] 206 65 
128)129 132 250) 258) 29% | 225/ 230| 253 | 195] 199| 213 70 
132|133 137 259| 267| 301 | 233] 239| 262 | 203] 206) 221 75 
137|138,142 267| 275| 311 | 240| 246] 270 | 209) 213) 228 80 
141/142'146 275| 284! 320 | 247/ 254/279 | 21s! 219| 23 85 
54| 27 3 5 
145|146 150 283] 292] 329 | 255] 261| 287 | 222| 226] 242 90 
149/150/154 291] 300] 338 | 262) 269] 295 | 228] 232| 249 95 
153]154)158 |]| 299| 308] 347 | 269] 275/302 | 234| 238] 255 | 100 


Note—The above figures for Ring Nozzle Discharges will apply to any ordinary 
form of Ring accurately enough for practical purposes, but apply especially 
to ordinary form of Ring Nozzle with square shoulder 1/16 or $ inch deep. 

Ring Nozzles with “ under-cut” or “‘ knife-edge”’ shoulder, discharge, as ordi- 


narily constructed, about 3 per cent. less than quantity given above. 
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TABLE 16 


PUMP INSPECTIODP 


Discharge of Nozzles attached t 


50 Feet 242-Inch Hose. 100 Feet 2%-Inch Hose. 


cee Se Ee eee 
134-Inch 142-Inch 134-Inch 144-Inch 
HYDRANT Smooth Nozzle. Smooth Nozzle. Smooth Nozzle, Smooth Nozzles 
PRESSURE vals. per Min. Gals. per Min. Gals. per Min. Gals. per Min. 
‘ Boa : bom % 5 oe as my 
indicated a4 Ws) 6a ga §4 Ba §4 ce 
while c > Bales 2 A $33 |/688 : S35 | 29 E Ss | a 
o o Sales. é oo a 6 eoo|/26 3 o36 5 
Stream is 2 oR 28 2 oR 28 2 og Ee 2 oR | 
flowing is 33 Bs B 33 Bs = 33 Po q eg 2. 
vyGaugo | g | 22| 29] € | 22) 33 ]]| § | 22| ee] 8 | 22 | 2 
attached to S| | aa] 4 S| | oa 3 s7| ea] 4 si | 2 
Hydrant Zo ere Ll ee as, eek = 5 caste. | A Ss) 
® Bie 13 ¢ ® BO! 26 as fed ise 3 so] 8 
asshown. | § ale ee | a ae 2 r| BB os g Rib 
4g E a--| eI a a m | §8 4 5a : 
a 4 & 3 Ss °o 3 
B /e)as| © | es) eei] & | ea) es] © | 3318 
Bia! an) ES ea) 23 32] 23 33 | 2. 
per sq. in. Coie o- Hs on= mt o= as: for 


324 | 36 
335 |4 
346 | 41 
356 | 4: 
366 | 42 
375 | 4! 


Note—This table was computed from formulas (2) and (7) of Appendix, “ Fr 
man on Hydraulics of Fire Streams,” in Trans. Am. Soc, C. E., Nov. 1889. Co 
cient of discharge used = .974. 

For Underwriter Playpipe with Tip Removed (this outlet should be 1} inch 
use columns for 14-inch Smooth Nozzle. 


aae 


laa 


TABLE 16 


TABLES. TasLe B.—No. 2A. 


Ge experiments o 
various lengths of 2%4-incn hose. 


J. R. FREEMAN, 1888, 
Computed, 1900. 


150 Feet 2%-Inch Hose. 


14-|nch 
Smooth Nozzle. 


186-Inch 
Smooth Nozzle. 


1%-Inch I-Inch 
Smooth Nozzle. | Smooth Nozzle. 


HYDRANT 
PRESSURE 


r Min. Gals. per Min, Gals. per Min. 


Gals. 


3 


Gals. per Min. 


a ; ; a 
si! 6a adi eda Cat = aa | &o | indicated 
ae 3 S te 3 S ads eS t| ae 
; [3e[ 28 ; |32/881-5 [2271/28] . | 22/8] _ we 
J ce Ss oc 2° os o S 
2 oe Be z ca) 88 8 |oa| ee Es Sa @ 8 | Stream Is 
==) sz | Fo =| 33| 23 q es| 2S] 8 os Po flowing 
(St S84 a S S elas gE Be ie | = I rs £2) a3 | by Gauge 
a-len] es a;/381 28 A Soe Beart) centees nee 
5 | 8 4 BT Los = Ee os a 5] | o& | attached to 
me | = af PE Soh on ~ = 4 2 = te 21 
a | sil Sh Roc bad 3s |3:.|/ 81] s |82] 81 | Hydrant, 
3 213s 3 BS| So ° so| 36] 8 2s5|36 
& a} ps & a oe & m2 m3 z| a2 2 | as shown. 
= = 
a }S8/) 8a) 8 | eal Fe] 2 tsa) Pe] & )se] ba 
Mee rss | Pi psei ee? | ee S84 Pol Salas 
Bae a €2| 28 €a| 248 Sa Pa Lhs. 
i oa ns on ms o= ae On | persgq. in. 


| 


a 5. 


81] 91 
107 | 117 
130 | 138 


ie} 
a 


HW 
o 
iS) 
ho 
° 
~ 


118 


147 | 154 131 116 | 127 
163 | 170 144 126 
“179 | 184 155 136 | 151 
190 | 196 166 145 


200 | 208 
210 | 220 
220 | 230 


215 | 253° )-188 | 195 


229 | 241 225 265°] 197 | 204 179 
238 | 251 234| 277°| 205 | 212 186 
-248 | 260 243 | 287 | 213 | 220 192 


:257 | 269 2§1| 297 | 220 | 228 
265 | 277° 259| 306 | 228 | 235 


»273 | 285: 267 | 316 | 235 | 243 
«281 | 294. 275'| 325°] 242-| 250 
288 | 302; 283 | 334°] 248 | 257 
© 295 | 310 290 | 342°] 255 | 263 


Quantities are stated in United States gallons of 231+ cubic inches. 
24. 709 
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TABLE 17 


f Gauge Mgr not connected in this manner, proper allowance 
must be m3 e for loss of pressure between Gauge and Hydrant. 


PUMP INSPECTION 


The degree of accuracy attained in estimatin 
= of the two preceding tables — B, No. 1 an 


sa 


ntity of Water Discharged per minute through ordinary 2%4-inch Fire Hose, 


HyoRANT] 22 
whe (United States Gallons of 231 cubic inches.) Open Hose Butt. No Play- 


PRESSURE 
eee Length 25 feet. Length 50 feet. Length 100 feet. 
Oaewing. Inferi Ordi Inferi Ordi Inferi Ordin 
nferior ze oa niferior rdinary nierior ary 
aifached to Uniinea | Pubber-| best | cnuned | “ined aeaitty | Untinea | “inea” quality 
aa Gitte | REL sinen | Sou | Hither | inom | Guan | Haber 
Hose.” | Hose. : . Hose. Hose. Hose.” | Hose. 
Lbs Inside Inside Inside Inside Inside Inside 
per aq. in. Rough. | Smooth. Rough, 5 Rough. | Smooth. 
10 242| 297 188 132| 140 | 188 
1b |, ~ 297,| |: 363 Le 230 161 | 171 | 230 
20 {3 $343 |2 419 | 3 3 266 2186 | 199 | 266 
25 & 383 | & 468 | & %& 208 | 222 | 297 
30 $420 |2 514 |Z #228] 243 | 326 
35 5 453 8 s = 246 262 | 352 
40 : & 484 & #264 | 280 | 376 
45 3 3 490 |4 514 | 2 630 3 & 280} 297 | 399 
50 542 2 2 204 | 313 | 420 
65 568 | » ° 4 308 | 328 | 440 
. #594 | § 726 | 3 3 322| 343 | 460 
3 3 336| 358 | 480 
70 2 zt 2348| 371 | 498 
76 £812 | 8 B 360] 384 | 515 
80 3... 1S 5 372| 397 | 532 
85 Ses. tS $ 383| 409 | 548 
re # FA 2304] 421 | 564 
5 3 3405 |. 432 | 579 
100 eae 1S 416] 443 | 594 
110 436| 465 | 623 


65% 
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TABLE 17 


Tas_e B.—No. 3 


TABLES.—‘ Open Hose Butts.” (frp experiments of 


discharge through “ Open Butt” is not nearly so great as may be obtained by the methods 
B, No. 2— by reason of greater influence of form of Hydrant and differences in Hose. 


with Couplings of 2%4-inch Bore. 
Pipe or Nozzle attached, 


Length 200 feet. 


102 | 140 
Con X7T 
144 | 199 
161 222 
177 | 243 
190 | 262 
204 | 280 
217 | 297 
228 Bx3 
239 | 328 
250 | 343 
260 | 358 
270 | 371 
279 | 384 
288 | 397 
297 | 499 
306 | 421 
314 | 432 
322 | 443 
338 | 465 


Leen ap ies. 
Eevee} that 
Cotton | Subber- 
Hose.” | Hose. 
dots | dts, 
74 | 102 
Soe) 225 
104 144 
, FG For 161 
127 “yey | 177 
137 190 
146 | 204 
EE | toot A 
Pear lh es 228 
172 | 239 
179 | 250 
be | Baad 260 
194 | 270 
201 279 
208 | 288 
ets th AT 297 
221 | 306 
227 | 314 
232 iE 522 
243 | 338 
EL DES aaa state Ba 354 


NOTE. —The values in this table are based 
on experiments with these kinds of Hose at- 
tached to a Chapman 4way Independent 
Gate Hydrant (Coeff. Disch. by Expt. 0.71). 
So far as influence of kind of Hydrant upon 
discharge is concerned, the same values are 
correct enough for practical purposes, except 
as noted in margin of columns. . 

It will be noted that this table gives, for 
each length, the discharge through the best 
or smoothest hose, and gives, also, discharge 
for same length of Hose with roughest water- 
way. By use ofa little judgment in inter- 
polating between these two values, error, in 
ordinary use of table need not exceed 10 per. 
cent. 


(Style A.) Ordinary Matthews (R. D. 
Wood & Co.’s) Hydrant without independent 
gates, Inside corner being rounded off. 


HOLYOKE HYDRANT TESTS. 


Tables B, No. 4 and B, No. 5 for the dis- 
charge of open hydrant butts, and the values 
following, on the friction losses in hydrants 
(pages 58 and 59), were obtained from the 
Holyoke Hydrant Tests. 

These tests were made in 1897 and 1898, 
for the Water Department of Holyoke, by 
Charles L. Newcomb, M. E., the Inspection 
Department of the Associated Factory Mutual 
Insurance Cos. co-operating in the work and 
in the computation of results. For full data 
on these experiments, see ‘“‘ Transactions of 
the American Society of Mechanical Engt- 
neers,’’ vol. xx. 


TABLE 18 


Gate stewance ste ) PUMP INSPECTION 
made for loss of pressure between a 


anes See Discharge through One Open 
Diameter of Outlet 


lf the diameter of Diameter. Add. Deduct. 


if weer, outlet is not exactly pz 10 per cent. aa 
it 214 inches, an addi- 2946 lla. iret 
ff < tional correction as 2A sods 5 per cent. 
te ' follows must be 234 Saimal 10 7 
; 3 4 esee 19. = 
. 
Chapman Chapman Chapman Coffin 
2-Way. 3-Way, 3 or 4-Way. | 2-Way 
“6 ” 11No, 3,)! Hexagonal | Regular pattern | Same dis- 
No. 1 No. 3. Pattern, with | ofindependent | charge for 
Old pattern [Same Hy-] 2-Way with Independent | Gate; also used as -Way Gate & 
made from drant as | Steamer Con- Gates, made 3-Way, with one 2-Way Com- 
HYDRANT |... 2878-1899- nection. | after 1807. Out-] outlet blanked. [pression with 
Casting at out- Pattern made | jets have sharp | Made since 1883. Steamer 


fter 1898. Cas 


Connection, 
PRESSURE jagged. Inside] chipped ing at outlets corners and pro-(Outiots have SHEEP 


Jectinto bbl, | corners and pro-| , Nozzle en- 


ea cet ctncosierd, | rsidgaiam, ot| Tlecimie Di, | watsounase 
faa Pes OMhatne| MSC Sn | maiden 
Aewitig outlets, 6 ins 
by Gauge a 
attached to EN 
eters, INS 
een, Gals. per Min, | Gals. per Min. Gals. per Min. por ain 
10 440 547 2 I 36 
15 car | ee7-| @78 g| at 1 ae 10 
20 627 765 | 776 3 > 513 
25 700 853 861 § E 573 
30 762 938 28. 8 3 630 
85 820 jo18 986 Ss 8 680 919 
40 878 ogo | 1,035 = a | 725 
45 29 | 1155 | 1,084 § E 767 
50 J. 07 48 ball bb EC) CoN ba gs me s 806 
55 1,025 1,280 ree 5 E 845 ead 
60 1,070 L907 | cer oe H 883 1193 
__ 85 I,II2 1,394 | 1,269 £ ba 919 1,240 
70 1,154 | 1,447 | 1,309 8 3} 953 1,285 
75 1,195 | 1,499 } 1,349 4 ¢ 986 1,329 
80 1,234 1,549 | 1,385 Ss “ 1,018 1,370 
85 | _1,270_~+| 3,598 | 1,420 g 1,049 1,410 
90 1,305 1,644 11,454 & % 1,080 1,450 
95 1,342 | 1,690 | 1,489 3 5 1,109 1,490 
100 1,375 | 1,734 | 1,520 © 1,138 1,528 


712 


TABLE 18 


TABLES.—‘‘Open Hydrant Butts ” Taste B.—No- 4 
From Holyoke Hydrant 
Hydrant Butt, without Hose attached ( ) 


Tests by Chas. L. New- 
exactly 2% Ins. 


comb, M. E. 
The degree of accuracy attained in cece pop ree discharge through the ‘‘opex 
butt” is not nearly so great as may be obtained by the methods of the three preceding 
tables, —B, Nos. i,2,and 2a. Slight peculiarities in the construction of the nozzle, 
and possibly also in the shape of the hydrant head, make large differences in the dis- 
eparre from the open butt without hose. The data below covers the types of outlets 
usually found and, with good judgment in applying corrections for hydrants not 


exactly coming under any of the cases given, results accurate within 10 to 15 per cent. 
may generally be obtained. 


Mathews Mathews 
2-Way. 4-Way, 


gular Patt’rn. 2-Way with Independent 
Diam. of outlet] Steamer Connec-]| Gates. When 
hole in casting,| tion. Casting | open, distance 
2% to3 ins. and jrounded at outlets} from valve face 
quare &jagged.} to radius of abt. to outlet is 


Regular Pattern 
Gate or Com- 
ression. 
Cc: ng at outlets 
wellrounded but 


Independent 
Gates. Outlets 
have sharp cor- 
ners. Diam. of 

outlet hole in cast- 


HYDRANT 


rough with nubs ing, 3% ins. Corners of 2%4-| ‘in. Inside | 1% to 15% in. 
and projections. Nipple tapersto | in. nipple rn diam. of bbl. at | Outletshave | PRESSURE 
Average of 3% ins. sharp. Inside | outlets, 774 ins. | sharp corners. 
4 Hydrants. Inside diam. of bbl. | diam. of bbl. at Inside diam. of} indicated 
at outlets 9% ins. } outlets, 7% ins. bbl. at outlets, 
‘ 8% ins, while 
Stream is 
flowing 
by Gauge 
attached to 
Hydrant 
Gals. per Min Gals, per Min. 
06 473 10 
20 579 15 
668 20 


Use same values for 8 and 4 Ways. 
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TABLE 19 


HOSE STREAM TABLES—ENGINE TESTS 


Pressures Required at Hydrant or Fire Engine, While Stream is Flowing, 
to Maintain Nozzle Pressure Given in First Column, Through 


Nozzle Various Lengths of Best Quality Rubber Lined Hose. 
Pres- ; 
sure 14’ Smooth Nozzle. 12’ Smooth Nozzle. || 13” Smooth Nozzle. 
Ch 3 2 
ndi- | 
cated 
by rc Length of Hose. a Length of Hose. fr Length of Hose. 
Pitot || chg’d chg’d chg’d 
Tube. pet “ha per ne a) ae pet 
wal x00! ..| 200’, | 300/. | ie 100, | 200’. | 300’. a 100’, | 200’. | 300’, 


20 167 | 28 | 35 | 42 || 206| 32] 42 | 53 || 407| 63 |100 |138 
30 205! 42 | 52} 63 || 253| 48 | 63 | 79 | 498! 91 |145 |199 
40 237| 55 | 69 | 83 || 292) 63 | 83 |104 || 575 |120 |191 |262 
50 265 69 | 86 |103 || 326| 78 |103 |128 || 643 |150 |237 |325 
60 || 290} 83 |103 123 || 357 93 123 |152 || 704 |177 |280 

70 313 | 96 |119 142 || 386 108 142 |176 || 761 |206 325 
80. || 335 |I10 |136 162 || 413 |124 |163 201 || 813 |234 
90 355 |123 |152 j181 || 438 139 182 225 || 862 |261 


100 374 |136 |168 |201 || 461 |153 \201 


Data from ‘‘ Fire Engine Tests and Fire Stream Tables’ by the National 
Board of Fire Underwriters. 
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TABLE 19. DIAGRAM 


(lg fozz/Ea-/00-O (rose 


ME (ozz/e-/00-0 bse 


18 /%0z2/e-2P00-0 Viose 

1B oz2/)e-300-0 Voseand 
C4 )eet/e-20007038e 

lt ozz/e-500 ose 


8 


sSunsccesernsce 
na I 
SEES ESN 


: 4 
<. 
3 60 a 
y 
x agtneee 
2 S50 AN EEE 
é sevaes? jaeratezent 
2 CCC varauen 
» nuns ba PtH 
oO aan ito 
3 ant iO Ca 
; pai auneercceuaeaaae 
g 4 7! fa aooe 
as inEEEar 
: ait : 
¢ 20 muse Ea st 
: SHR sue é | | 7 
Ni H eee 
SEUSS LUERU SS COSSR EEG 
8 jo TM cI Tiga (ajet tae et 
ayy Reet dt EE EY 
(wae is Po HH HH 
PH fefaat stats a Tg 
PPePRPReRcrrrccrm rrr rennet ttt tlm 
2) SQ 100) 50, FOO. B50... S00... 550 


Liydrart ar Fire Zregie Pressure (Foureds 261 Squxreloct) 


SYOTE -Besr? gee, Ty ubber Llred (1ose ard Store 
Nooz/les used ir? tre above Jesrs 


Slyder? or Fire Lrgfree Fressures Kegired 
Yo Letwer Werer af (Yozzle Fressures G/ver 
ot Left Side of Plot 

Fic. 167. Host Stream TasLes—ENGINE TESTS 


(Extracts from “‘ Fire Engine Tests and Fire Stream Tables” by the 


National 


oard of bire Underwriters) 
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TABLE 20 


FORMULA FOR OBTAINING APPROXIMATE NOZZLE OR 
ENGINE PRESSURES, LENGTH OF LINE AND SIZE 
OF NOZZLE BEING GIVEN 


Engine Pressure 
LI1+KL 
Engine Pressure in pounds = Nozzle Pressure (1.1 ++ K L). 
L = Number of 50-foot lengths of hose. 
K = Constant, varying with size of nozzle and hose. See Table 


Nozzle Pressure in pounds = 


following. 

i - K FoR 

s4 Single | Single | Single AY fs Sp bpes Li 

BE | Line. | tine, | tine, | Sikmesea: | slamesed. | a4" Hose. 
2 EB eae pees bee) BER EEE REESE SEY: 

I -105 | .038 s 025 arch . a 

1% 167 .062 < 043 =hs ah 

1} .248 | .092 039 066 023 .028 

13 341 137 059 -096 034 043 

1} 505 192 084 135 Os! -061 

1§ -680 266 113 .184 068 084 

1} -907 -351 -152 - 242 093 -1IS 

2 1.550 | .605 .250 .418 Bes -I90 


* Allowance is made for loss in deluge set; these values will 
also give approximately correct figures for turret nozzles and 
water tower, except that in the latter, pressure equal to 0.434 
times the height of tower must be subtracted from the engine 
pressure, before solving for nozzle pressure. 


Data from ‘“‘ Fire Engine Tests and Fire Stream Tables” by the National 
Board of Fire Underwriters, 


Miscellaneous Tables | TL 


TABLE ar 
DISCHARGE FROM SPRINKLERS 


* TO 
DEDRIOA SS GUTRR AORTA TERRORS 
CORHDESSELLRERSEROEEE 
PAT 
a 


PEROIRUEUROD ONE HT 

COTA 
2s HAT 

pa 


Lischerge 1 G2/10128 Fer (Mere 


Gee” 20 
Pressure in pounds per square inch 


4” orifice is standard for automatic sprinkler heads; other sizes are used 
“ for open sprinklers 


Fic. 168. DiscHARGE FROM SPRINKLERS 
(Averages of Tests by Underwriters’ Laboratories) 
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TABLE 22 


CAPACITIES et VERTICAL CYLINDRICAL CPt AND OF 
EMISPHERICAL TANK BOTTOM 


Diameter in Feet. Area in Sq. Feet. pee SP lisdes Peace 
10 78.54 587.5 | 1,958 
II 95.03 711 2,607 
ez ie ea ta, 846 3,385 
13 137.70 993 4,303 
14 153.90 1,152 | 5374 
15 176.70 1,322 6,610 
16 201.10 1,504 8,022 
17 227.00 1,698 9,621 
18 254.50 1,904 11,422 
19 283.50 2,121 13,432 
20 314.10 2,350 15,667 
21 346.40 2,591 18,137 
22 380.01 2,844 20,853 
23 415.50 3,108 23,828 
24 452.40 3,384 27,073 
25 490.90 3,672 30,600 
26 530.90 3,972 34,421 
27 572.60 4,283 38,547 
28 615.80 4,606 42,991 
29 660.50 4,941 47,763 
30 706.90 5,288 52,877 
31 754-80 5,646 58,342 
32 804.30 6,016 64,170 
33 855.30 6,398 70,378 
34 907.90 6,792 76,976 
35 962.10 7,197 \ 83,965 
36 1,018.00 7,614 91,368 
37 1,075.00 8,043 99,197 
38 1,134.00 8,484 107,464 
39 1,194.00 8,936 116,168 
40 1,257.00 9,400 125,333 
41 1,320.00 9,876 134,972 
42 1,385.00 10,364 145,096 
43 1,452.00 10,863 1§5,793 
44 1,518.00 11,374 166,819 
45 1,590.00 11,897 178,455 
46 1,662.00 12,432 190,624 
47 1,735.00 12,978 203,322 
48 1,810.00 13,536 216,576 
49 Ose Boar 14,106 230398 
50 1,964.00 14,688 244,800 


From Rules and Requirements on Gravity and Pressure Tanks of Na- 
tional Fire Protection Association, 
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TABLE 23 


TYPICAL DIMENSIONS OF HEMISPHERICAL BOTTOMED 
TANKS OF STANDARD SIZES 


Capacity in Gallons. Size in Feet and Inches. 

ge ae Actual Net. | Total. Diameter. | Height. 
30,000 | — 30,036 | 30,516 15-0 18-1 
40,000, 40,045 | 40,610 WED 18-3 
50,000 | 50,004 50,613 | 18-0 20-7 
60,000 | 60,148 60,800 | 19-0 22-4 
75,000 75,089 75,788 20-0 25-7 
100,000 | 100,166 100,959 22-0 28-2 

150,000 | 150,223 151,164 25-0 32-10 


The height given is that of the cylindrical portion. 
_ , From_ Rules and Requirements on Gravity and Pressure Tanks of Na- 
tional Fire Protection Association. 


TABLE 24 


TYPICAL DIMENSIONS OF HORIZONTAL PRESSURE TANKS 
OF STANDARD SIZES 


| | w 
Approx. Gross.| Approx. Net | Inside Diam. in| Inside Length Appar es 


ap. in Gals. Cap. % Full. | Inches. in Feet. 24 Full. 
3,000 2,000 60 20.2 16,670 
3,000 2,000 66 17.0 16,670 
3,000 2,000 72 14.2 16,670 
4,500 3,000 66 25-4 25,000 
4,500 3,000 72 P4lbeg 25,000 
4,500 3,000 78 18.2 25,000 
6,000 4,000 72 28.2 33,340 
6,000 4,000 78 24.2 331340 
6,000 4,000 84 21.0 33,340 
7,500 5,000 78 30.3 41,670 
7,500 5,000 84 26.2 41,670 
7,500 5,000 go 22.7 41,670 
9,000 6,000 84 31.4 50,000 
9,000 6,000 go 27.3 50,000 
9,000 6,000 96 24.0 50,000 


Note—4,500 gals. gross capacity is the minimum ordinarily 
accepted for pressure tanks for automatic sprinkler systems. 

In the above table the length of the tank has been figured as 
though the ends were plane instead of dished. The actual length 
of tanks of the above capacities and diameters will therefore be 


a trifle greater. See also Table 26. 


= i > 
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TABLE 25 


TYPICAL DIMENSIONS OF FLAT-BOTTOMED TANKS 
OF STANDARD SIZES 


jee ET Outside Dimensions. aoden 
Net! fealty in Weight of Weight of Wate 
Gallons. Average Length of Tank in Pounds. in Tons: 
Diameter. Staves. 

5,000 10/-2”" 10’-0”” 2,500 20 
10,000 13-4 12-0 4,000 40 
15,000 14-6 14-0 5,300 68 
20,000 15-6 16-0 6,500 80 
25,000 17-6 16-0 7,600 100 
30,000 18-0 18-0 120 
50,000 22-0 20-0 200 
75,000 24-6 24-0 300 

100,000 28 -6 24-0 400 q 


Note—Other dimensions which provide the full net capacities 
are equally acceptable. 


TABLE 26 


CAPACITIES OF HORIZONTAL PRESSURE TANKS 
Tanks Two-Thirds Full 


, Height | Height Gallons ‘ Height | Height | Gallons. 
Diameter] “from Above | Capacity} Diameter) from Above | Capacity 
Tank in | Bottomin| Center in | per Foot Tank in | Bottom in| Center in| per Foot 
Inches. | [nches. Inches. |of Length. Inches. | Inches. | Inches. lof Length 
66 4134 834 118 82 | 51% 182 
67 424 834 122 83 52% 187 
68 43 9 126 84 53 IgI 
69 4334 94 | 129 85 | 5334 196 
70 | 4414 94 | 133 86 | 54% 201 
71 45 94 137 87 | 55 205 
72 454 94% | 141 88 | 5534 210 
73 4614 934 145 89 | 56)4 215 
74 4634 934 | 149 90 | 57 220 
75 | 47% | Io 153 or | 57% 225 
76 48 10 157 92 | 58% 230 
zy 4834 | 104 161 93 5834 235 
78 4944 | 10% 165 94. | 59/2 240 
79 50 104 | 169 95 | 60 245 
80 50% | 104% 174 96 | 6034 250 
81 51% 1034 178 


Note: See also Table 24 
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TABLE 27 


RELATION IN HORIZONTAL PRESSURE TAN 
WATER AND PRESSURE ES. OF ee 
Relation between height of water and pressure, starting with 
normal conditions of two-thirds full and 75 pounds air pressure. 
Total capacity of tank = square of the radius in inches, times 
length in feet, times 0.1632 gallons. 


Se eee seta Ne Werslapeaity: gerstdalee ae 
4:27 & 2-3°V 75,-lbs. 
1.16R g-15 V 60 Ibs. 
1.05 R 8-15 V 49 Ibs. 

.95R 7-15 V 41 Ibs. 
84R 6-15 V 35 Ibs. 
ar At. E-3V. 30 = Ibs. 
62R 4-15 V 26 Ibs. 
50R ESV 22.5 Ibs. 
38R 2-15 V 19.5 lbs. 
24R 15 V 177 IDs: 

oR o Te) Lbs: 

TABLE 28 


CAPACITIES OF RESERVOIRS 
Capacity Rectangular Circular 


60,000 gals. TS -it->< Go-it:| >< 10 ft. 33 ft. Diam. x 10 ft. 
120,000 gals. 15 ft. x 120 ft. X 10 ft. 46 ft. Diam. X 10 ft. 
180,000 gals. 15 ft. x 180 ft. X 10 ft. 56 ft. Diam. x 10 ft. 
240,000 gals. 15 ft. x 240 ft. x 10 ft. 64 ft. Diam. X 10 ft. 


Note: From these dimensions with uniform depth of 10 ft. other 
proportions and sizes for other capacities can readily be established. 
Reservoir depths must take into account limits of pump lifts. 


From Rules and Regulations on Gravity and Pressure Tanks of National 
Fire Protection Association. 


722 


“ir Pressure Jo Be Cartied le /resstre (27x 


IYECESSH'Y 


(-peurds per 59 t ) 
N 


Fic. 


ae 


Handbook of Fire Protection 


SS 


rf 
SHEE 
il Don 
pesueaes 
Berbncesucss 
eas in 


nae 

eee 

Ee 
SUS CHMMA Re 


2 


Senn 

me 
dP SSS 
es Os EST 


a 


EEE 
a 
am 
al 
i 
NI 
LIN 


ig 
Panama 
Boil 
PSS 
Bi 
8 


FEC 


HL 
in 


NS 


Ey 
AE 
te ae pak dl 
ae eae 
Taps 
i 
R 
f 
i 
‘ 
8 
: 


| | tore s horeriere/| | | | 
te Ls tothe enh Tete et 
REPTAVRTAIVLORS 


1/0’ 20° 30° 40 S50' 60 70 80° 90° [(O td 
Ve(glel Of 1Q0 L176 OF Serie ES BOWE 
x heer Level 1re/ressure Taek 


aa 
(aan 


7 7 
2 


|_| 
| [A 
LA 


169. Necessary Excess PRESSURE FOR PressuRE TANKS 


Note: As an example of the use of this diagram, consider the total air 
pressure to be carried where top line of sprinklers is 50 ft. above water 


line in pressure tank. 


Follow 50’ line vertically to diagonal line and read 


corresponding pressure at the left-hand side, viz., 140 lbs. or 65 Ibs. above 
the 75-lb. minimum, 
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Fic. 170. AMOUNT OF WATER AND Arr PRESSURE IN PressuRE TANKS 


Note: This diagram can be used as follows: A_ 6,000-gal. tank when 
containing 4,000 gals. of water requires a 75-lb. initial pressure. If por- 
tion of water has been discharged, say 1,000 gals., the remaining 3,000 
gals. (see intersection of 6,000 gal. tank curve and 3,000 gal. horizontal 
line), will be under 45-lb. pressure. See also Table 24 and 26. 
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TABLE 29 


RATINGS FOR DUPLEX STEAM PUMPS 


Note—Figures given are for actual displacement, less 10 per cent. for slip. 


Pumps with 10-inch stroke are figured at 75 revolutions per 
minute. Pumps with 12-inch stroke are figured at 70 revolutions 
per minute. Pumps with 16-inch stroke are figured at 60 revolu- 
tions per minute. 

For fire or heavy pressure service the ratio of steam to water 
cylinders should not be less than 3 to 1. If less than this, steam 
pumps cannot, generally speaking, be relied upon for such serv- 
ice, and any rating given such pumps would be misleading. With 
pumps of the same size, the “ Underwriter” pattern can generally 
be relied upon for one-fourth to one-third greater discharge than 
the ordinary trade pattern. Owing to the effect which various 
sized piston rods would have in the displacements, the figures 
given below are not absolutely correct, but they will be found 
near enough for practical purposes. They are given to the near- 
est ten gallons. 


= 


Mong Bi Dad wee xo-inch Stroke. 12-inch Stroke. 16-inch Stroke. 

5 210 240 280 

6 310 350 410 

7 430 490 560 
74 470 530 610 

| 7% 500 560 650 
8 570 640 720 
8% 650 730 830 

9 730 820 940 

| 9% 770 860 990 
9/4 780 goo 1,040 
10 880 990 1,150 
104 920 1,040 1,210 
10)4 970 1,100 1,260 
Il 1,070 1,210 1,380 
1% 1,170 1,320 1,520 
12 1,280 1,450 1,650 


*, 
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TABLE 30 
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HEIGHTS IN FEET TO WHICH PUMPS WILL ELEVATE WATER 


Steam pressure, 50 po 
No allowance ma 


unds per square inch at the pump. 
de for friction in pipes, etc. 


nD 
- 
Sy Diameter of Water Cylinders. > 
ee 
$5 a 
B oo -g beg gil Sil og 
38 ge) S| a/ Sle ale 
a ° ° a t+ ve) eo °o 
- nm = - I n a 
33 | 23 
4 
8 
7 37 
8 48) 44 
9 61| 55| 42 2 
10 75| 68) 50) 38 
12 108| 97| 75| 55| 42 ? 
14 147|133|102| 75| 57| 45 
16 192|174\141| 98] 75) 59| 48 
18 243| 220|162|122| 95) 75 61 
20 300| 272| 208) 150) 117 92|-75 
22 364| 329| 252 185| 142} 112). 91 
24 432| 392) 300| 220 169| 133) 108 
26 508| 460| 356 258| 197| 156| 127 
28 588) 533) 407| 300 230) 181| 147 
30 676| 612) 468] 345 263! 208| 169 
32 798| 697| 533| 391| 300 237| 192 
34 868| 786| 603| 442| 339) 208) 217 
36 972| 881) 6751 495] 380. 300) 243 


The maximum limit of piston speed 


pumped against. 


depends upon the head 


TABLE 31 
THEORETICAL HORSE-POWER poe ed TO RAISE WATER 
TO DIFFERENT EIGHTS 
Feet | 10 20 | 30 40 | 50 100 | 200 | 300 | 400 Feet 
{ 
Gals. per Gals. per 
Min. Min. 
10 o25| .oso| .075| «10 | -12 125 |x #50] 75], 1400 10 
20 050 | .100| .150| .20 +25 .50 | I.00| 1.50 | 2.00 20 
30 075 | .150| -225| -30] +37 .75| 1-50 | 2-25 | 3-00 30 
40 100 | .200| .300| -40| -50 | 1.00 2.00 | 3-00 | 4.00 40 
50 .125 | -250| -375 |. -5° 62 | 1.25 | 2.50] 3-75} 5-00 50 
100 250 | .500 | -750| 1-00 1.25 | 2.50] 5.00] 7-50 |10.00 100 
150 .375 | -750 |1-125 | 1-50 1.87 | 3-75 | 7-50 |I1.25 |15-00 150 
200 .500.|I,000 |1.500 | 2.00 2.50 | 5-00 |10.00 |15-00 |20.00 200 
250 625 |1.250 |1-875 | 2-50 3-12 | 6.25 {12.50 18.75 |25.00 250 
300 750 |1.500 |2-250 | 3-00 3.75 | 7-50 |15-00 |22.50 |30.00 300 
350 .875 |1-750,|2-625 | 3-50 4.37 | 8.75 |17-50 26.25 |35-00 350 
“400 1,000 }2.000 |3-000 ; 4-00 | 5-00 10.00 |20.00 {30.00 |40.00 400 
500 —  |1.25012-500 3.750 | 5.00 | 6.25 |12-50 125-00 37-50 |50.00 500 
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TABLE 32—(Continued) 


Note—The figures in table give the theoretical number of gal- 
lons of water which would be discharged in one revolution of the 
piston of a single cylinder pump, i. e, a forward and return 
stroke. No allowance has been made for slip or for the reduc- 
tion in water discharged due to the space occupied by the piston 
rod, which will reduce the volume of discharge on the return 
stroke by an amount depending on the diameter of the piston rod 
and the length of stroke. z 

The following table must, therefore, be used in connection with 
the above and the figure which corresponds to the diameter of 
piston and stroke must be deducted from the table: 

GALLONS DEDUCTED PER REVOLUTION FOR PISTON RODS 


Stroke. 
Diameter of Piston. 
to inch, 12-inch, 16-inch, 
14-inch .08 .09 afi; 
2-inch ie 16 22 
24-inch 21 26 34 
3-inch oa 36 50 


For other diameters and strokes approximations may be made. 

For duplex pumps, in order to obtain the theoretical dis- 
charge, the figures obtained by the above tables must be mul- 
tiplied by two. 


TABLE 33 
GENERAL HYDRAULIC DATA 


A gallon of water (United States standard) weights 8 1/3 
pounds and contains 231 cubic inches, or .134 cubic feet. 

1,000 gallons of water weighs 4 1/6 tons approx. 

240 gallons of water weighs approx. I ton of 2,000 pounds, 

A cubic foot of water weighs 62% pounds and contains 7.48 
gallons. 

To find pressure in pounds per square inch due to head, mul- 
tiply height in feet by .434 or divide by 2.31. 

To find height in feet, multiply pressure in pounds per square 
inch by 2.31 or divide by .434. (Continued on next page.) 


ee 
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To obtain capacity in gallons of a circular tank or cistern, 
multiply the square of the diameter in inches by the depth in |. 
inches and this product by .0034. 

To find area of a circle multiply the square of the diameter by 
7854 or the square of the radius by 3.1416. 

A miner’s inch of water is approximately equal to a supply of 
11.22 gallons per minute. 


TABLE 34 


CAPACITY OF WROUGHT PIPE 


Nominal Internal Actual Internal Capacity of One-Foot Length 
Diameter in Inches. Diameter in Inches. of Pipe in Gallons. 

Y% 824 .0277 

I 1.048 .0448 

1% 1.38 .0777 

iy 1.611 .106 

2 2.007 174 

2% 2.468 248 

3 3.067 .384 

3% 3.648 514 

4 4.026 661 

5 5.045 1.04 

6 6.065 1.50 


Note: The outside diameters of pipes are fixed in order 
that they may fit the dies. The weight of pipe for a unit of 
length determines the inside diameter. The above figures 
are approximately correct for all such pipe of ordinary thick- 
ness. 

The sprinkler rules state that the range in gallons of pipe capac- 
ity per sprinkler will be from .741 to 1.714 with the following 
averages; not including long runs from dry valve to system: 


Centre t ed. cae fe cn wee tees Ce 1.1. gals. per head 
Side and end centre feed............ 1.25 gals. per head 
Panel ‘construchion sees iecse sa 6 spa 1.6 gals. per head 


See also Table 35. 
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TABLE. 35 


AMOUNT OF WATER IN SPRINKLER PIPING 
EXAMPLES OF CAPACITIES OF SYSTEM 


| | No. of | Capacity Floor | Gallons 
| —— eae Floor Sprink-| _ of Sprinkler per 
of Bay | Dimensions |jers,One} Piping, Includ- | Sprink- 


in Feet.) in Feet. Floor. ing Riser. ler. 


Method of Piping. 


Center Central Feed..| 10 | 96x200} 160 | 183 gallons | 1.14 
Side Central Feed....| 10 | 72x300| 285 | 290 gallons | 1.02 
Side Central Feed....; 10 | 60x120| 60 | 75 gallons | 1.25 


Center Central Feed. | 12 \12ax200} 204. | 240 gallons | 1.17 


Note—Height of floors, 12 feet. Pipe sizes as per 1-2-4 standard. 


Center Central Feed 

(2 Risers)....-.-- 12 |120x216| 270 | 334 gallons | 1.24 
Center Central Feed..| 10 | 80x 160| 128 | 135 gallons | 1.05 
Side Central Feed....| 10 | 60x200| 120 188 gallons | 1.56 
Side Central Feed....| 10 | 50x100} 50 58 gallons | 1.16 


Note—Pipe sizes as per 1-2-3 standard. 


General Note: The above are specific examples of sprinkler 
piping capacity for 1-2-4 and 1-2-3 systems. For usual pres- 
ent conditions, see table 34 and its note. 
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TABLE 36 
STATIC PRESSURE OF WATER 


——— 


Head in Pressure Lbs. Headin | Pressure Lbs. 1 Headin | Pressure Lbs. 
Feet. per Sq. In, | Feet. per Sq. In. iver Sq. Inw || Feet. Feet. per Sq. In. 
I 0.43 i aetna } 150 65.10 
2 0.87 60 | 26:04 175 75-95 
3 1.30 Ose he 25-21 | 200 86.80 
4 1.74 70 30.38 250 108.50 
5 2:17 75 Cea eB. 300 130.20 
10 4.34 80 24.92 14 350 151.90 
15 6.51 85 36.89 || 400 173.60 
20 8.68 || 90 | 39.06 | 450 195.30 
25 10.85 | OF epee 41.23 500 217.00 
30 13.02 I “00 “ul © “43:40: * efi rGeo 260.40 
30 15.19 [so ELON |e Arter 700 303.80 
40 17.36 120 52.08 “}4 800 347.20 
45 19.53- 130 56.42 || 900 | 390.60 
50 21.70 140 60.76 || 1,000 434.00 

TABLE 37 


METRIC CONVERSION TABLE 
Prefixes 


The following prefixes are used in the Metric System for sub- 
divisions and multiples : Milli=1/1000; centi=1/100; deci=1/10; 
deca = 10; hecta = 100; kilo = 1000; myria = 10,000. 


Measures of Length 


I meter = 30.37 inches, or 3.28083 feet, or 1.09361 yards. 
.3048 meter =I foot. 

I centimeter = .3937 inch. 

2.54 centimeters = 1 inch. 

1 millimeter = .03937 inch, or 1/25 inch nearly. 


25.4 millimeters = 1 inch. 
1 kilometer = 1093.61 yards, or 0.62137 mile. 


= = = 


x = Se eH 


_ 
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Measures of Area 


1 Centare (i sq. meter) = 1550 sq. inches. 
1 Are (100 sq. meters) = 119.6 sq. yards. 
1 Hectare (10,000 sq. meters) — 2.471 acres. 


Measures of Capacity 


cubic centimeter = 0.061 cubic inch. 


cubic inch = 16.383 cubic centimeters. 
cubic decimeter — 61.022 cubic inches, or 33.84 fluid ounces, or 
(1 liter) 1.0567 quarts, or 0.264 gallon. 
fluid ounce = .2955 liter. 
quart = .9463 liter. 
gallon = 3.7878 liters. 
cubic meter = 35.315 cubic feet, or 264.2 gallons. 
cubic foot = .028316 cubic meter. 
Measures of Weight 
gram — 15.432 grains, or .0388 fluid ounce, or 
03527 ounce avoirdupois. 
grain = .0648 gram. 
fluid ounce = 25.7732 grams. 
ounce avoirdupois — 28.3527 grams. 
kilogram (weight of 


1 liter of water) — 2.2046 pounds. 
pound = 0.4536 kilograms. 


Measures of Heat 


1 calorie = .2524 B.T.U. 
1 B.T.U. = 3.968 calories. 


Measures of Temperature 


1° Centigrade =1.8° Fahrenheit. 
o° Centigrade = 32° Fahrenheit. 
(Degrees C. X 9/5) +32 = Degrees F. 
(Degrees F.— 32) X 5/9 = Degrees G 


732 


TABLE 38 
MELTING POINTS OF VARIOUS SUBSTANCES 
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(Many of these soften at much lower temperatures than those given below) 


Name of Substance 


Degrees F. 


(ERS), ALK OR. 

S vom Gray) is,eba as 
Cast, White) 

(Cast, Second Melting) 


(Wrought) 


1,120 +2 


1,202 to 1,499 


810 to I,150 
518 
504 to 507 
1,616 
1,692 
142 to 154 
610 


442 


: 1,981 +5 


2,012 to 2,786 
2,000 
2,210 
1,922 
2,075 
2,450 
3,700 
2,732 to 2,912 


2,500 


2,687 


450 
442 to 446 
446 
142 
786 
779 
782 


Degrees C Authority 
658 +1 Smithsonian Physical 
Tables 
650 to 815 | Wagner 
625 Roberts-Austen 
630 +1 S—P— 
432 Haswell 
432 to 621 Kent 
270 S—P—T 
262 to 264 | Kent 
880 Schwartz 
922 Haswell and Kent 
61 to 68 Kent 
321 S—P—T 
228 Kent 
1,083 +3 S—P—T 
1,001 Haswell and Kent 
1,303 Haswell 
1,063 +3 S—P—T 
1,045 Roberts-Austen 
1,069 Haswell 
1,530 S—P—T 
I,100 to 1,530| Kent 
1,003 Haswell 
1,210 Pouillet 
1,050 Kent 
T3435 Roberts-Austen 
1,343 Haswell 
2,038 Rankine 
1,500 to 1,600} Kent 
1,931 Rankine 
327 S—P—T 
320 Haswell and Kent 
1,452 So aes 
1,500 Schwartz 
1,755 + 20 S—P—T 
1,760 Haswell 
o6r +1 S—P—T 
045 Roberts-Austen 
1,023 Kent 
1,371 Haswell 
1,300 to 1,389] Kent 


232 
228 to 230 
230 
61 
410 
415 
416 


Roberts-Austen 


Haswell and Kent 
S—P—T 

Kent 

Haswell 


S—P—T 
Roberts-Austen 
Bell 
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CENT. FAHR. 
5500 10000 SUN TEMPERATURE. 
5000 9000 
4500 8000. 
7000 


ELECTRIC ARC UNDER PRESSURE 
——* (HIGHEST ARTIFICAL TEMPERATURE) 


6300 ELECTRIC ARC ATMOSPHERIC PRES. 
6000 


5000 


8000 


- 2000 FIRE PROTECTION 


ENGINEERS 
RANGE 


Fron 1347) CUMATIC 
—=ZERO 54 } “RANGE 


=< ~4571) LOWEST ARTIFICAL TEMPERATURE 
-45S9.56 ABSOLUTE ZERO 


Fic. 172. RANGE oF TEMPERATURES 
(Courtesy of H. P. Weaver. 


CENT. Fanr. See also page 733) 
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TABLE 39 


WEIGHTS OF GASES AND VAPORS COMPARED TO AIR 
(1) Lighter than Air (Roof Ventilation) 


0.069 Hydrogen (g) 
0.400-0.600 Coal gas (g) 
0.553 Pit gas (Firedamp) (g) 
0.588 Ammonia (g) 

0.622 Water vapor (v) 


Water gas, generator gas, Dowson gas, power gas, and similar . 


0.700 Wood gas (g) 


0.898 Acetylene (g) 
0.945 Hydrocyanic acid (g) 


0.967 Ethylene (g) 
0.967 Carbon monoxide (g) 


gases differ considerably in density according to their composi- 


tion, but are all lighter than air. 


0.987-1.015 Mond gas (according to the coal used) 


0.510 Water gas 


0.830-1.000 Generator gas 


(2) Heavier than Air (Floor Ventilation) 


1.036 Ethane (g) 

1,039 Nitric oxide (g) 

1.105 Oxygen (g) 

1.120 Methyl alcohol (v) 

1.185 Phosphuretted hydrogen 

(g) 
1.192 Sulphuretted hydrogen 
(g) 

Air gas (carburetted air) (v): 
1.260 With 10% of hydririne 
1.275 With 11%% of hydri- 

rine 
1.317 With 14% of hydririne 

1.382 Allylene (g) 

1.451 Propylene (g) 

1.520 Propane (g) 

1.527 Nitrous oxide (g) 

1.530 Ethyl aldehyde (v) 

1.590 Hyponitrous acid (g) 

1.613 Alcohol (v) 

1.617 Methyl ether (g) 
Note—(g) indicates gas; (v), v. 


1.738 Methyl chloride (g) 

1.800 Cyanogen (g) 

1.935 Butylene (g) 

2.004 Butane (g) 

2.104 Carbon oxysulphide (g) 

2.200 Sulphur (v) 

2.448 Chlorine (g) 

2.565 Ether (v) 

2.645 Carbon disulphide (v) 

2.697 Arseniuretted hydrogen 
(v) 

2.770 Benzol (v) 

2.784 Seleniuretted hydrogen 


(g) 
3.147 Amyl alcohol (v) 
4.215 Chloroform (v) 
4.355 Phosphorus (v) 
4.498 Telluretted hydrogen (g) 
5.700 Selenium (v) 
6.650 Sulphur vapor 
8.896 Tellurium (v) 


From Von Schwartz, Fire and eee Risks. 
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TABLE 40. Explosion Temperature of Gases 


Note: Pure gases will explode at these temperatures without air. 


a Degrees C. Degrees C. 

Acetylette 2.5 «495 5090-515. Hydrogen .......... 555 
Carbon disulphide Methatie.-2 ose ee 656-678 

AD Ole co. evsteerns 100-170 Oxyhydrogen gas... 620-700 
Carbon monoxide... 636-814 Under Pressure... 518-606 
(Cedll GER Sat emigre 647-040 me PT Opalle i, oe aaa ean 545-548 
SUN ATL cerslsse 4:3 10 sent. 605-622. Propylene .......... 497-511 

Sithylenen 28 .c. 0 577-599 


Mixed 


with air, the explosion temperature is generally much lower. 


From Von Schwartz, Fire and Explosion Risks 


TABLE 41. Explosion Range of Gases 
Flame Ignition ° C. Electric Ignition ° C. 
Name 
Per Cent Gas Range of Per Cent Range of 
to Air Explosi-' | Gas to Air| Explosi- 
a 4 bility pee bility 
INGCEVIENIG « 5.crs joa Se we ss 3-82 79 3.2-52.2 49.0 
Alcohol. Vapor... ......005 4.0-13.6 9.6 
iBenzine Vapor. ..........) 2.6-4.8 2.2 2.5-4.8 2.3 
Benzol Vapor. .3.% i. 000% —6 3 2.7-6.3 « 3-6 
Carbon Disulphide........ 6 downwards Approx. 
Carbon Monoxide......... 13-75 62 16.6-74.8 58.2 
Carburetted Air (Air Gas). . 9-26 17 
(Chop NCE ee re eee 8-23 15 8.0-19.0 II.0 
Ether Vapoe (NEL. ise t 6 downwards Approx 2.0-7.5 4.6 
PHOTO Re 5s Bin eatin sdcsmase 4-22 18 4.2-14.5 10.3 
PIVUTOGON tos cceesasses st 7-75 68 9.5-66.5 57.0 
MeURANG sc oe tines Oe ae oh 5-13 8 6.2-12.7 6.5 
PONGANGs Coen ace Eo usr s 2.5-4.8 2.3 
BI OMION jus ac. a,3 a als Rghe a te 2.5-5 25 
Water GAG) fc udinns tund 9-55 46 12.5-66.6 54.1 
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TABLE 42 


COMPARATIVE TABLE OF THERMOMETERS 
1 Fahrenheit degree = 5/9 deg. Cent. 


1 Reaumur degree 
Temp. Fahrenheit 
Temp. Centigrade 


‘ = deg. 

1 Centigrade degree = 9/5 deg. Fahr. ot auc. pre 
= 9/4 deg. Fahr. = 5/4 deg. Cent. 
= 9/5 x temp. C.+32 deg. =9/4 R.+ 32 deg. 
= 5/9 (temp. F.— 32 deg.) =5/4 R. 


Temp. Reaumur 
Freezing point: Reaumur= o deg.; Cent. = 
Reaumur = 80 deg.; Cent. 


Continued on page 


Boiling point: 


= 4/5 temp. C. 


= 4/9 (F. — 32 deg: 
o deg.; Fahr.= 32 a 
100 deg.; Fahr. = 212 deg. 


737 ‘ 
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TABLE 42—(Continued) 


Cent. Fahr. Reau. 


Reau. | Cent. 


Fahr. Reau. | Cent. | Fahr. 


—18 ie eet 107 |. 225 86 | 234 455 187 
—15 5 }—i2 I10 | 230 88 237 460 190 
—I12 FOL} — 20 13°}, 235 go | 240 466 192 
—9 ic | = 116 | 241 93 242 469 194 
—7| 19 |— 6 | 118 | 244 94 | 245 475 | 196 
— 4 Sat | ee 121 250 97 248 480 198 
— I Z0..4cnt Ft 124 | 255 OO e25E 486 201 
2 36 2 127 | 261 102 | 253 489 202 
5 | 41 4 | 129 | 264 | 103 | 256 495 | 205 
7 45 6 {2221-270 106 | 259 500 207 
10 50 8 rea 275 107 | 262 505 210 
13 55 10 137 | 280 IIO 265 511 212 
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TABLE 43 


FLUIDS USED IN THE ARTS 


Data secured principally from Underwriters’ Laboratories 


Flash Point 


Specific Closed Cup. 
Name. Formula. Gravity 
at 155° C. 
4 Deg. C.)Deg. F. 
1 | Acetate—amyl CHsCOeCsHu| .857 32 90 
2 ethyl CHsCO2CoHs | .924 
2) methyl CHsCO2CHs | .957 at 0° C. 
4 | Acetone CH:COCHs +792 —- 20|/— 4 
5 | Alcohol—amy] (fusel oil) CsHnOH .825 at 0° C. 42 107 
6 ethyl (grain) CH;sOH -7939 12 53 
7 methyl (wood) CH:0H +7959 12 53 
8 | Aniline Oil CeHsN He 1.022 at 76 169 
qo° GC 
9 | Benzol CeHe .879 at — 27/-— 17 
z0° G; 
ro | Carbon Disulphide CS: 1.202 — 30| — 22 
tr | Chloroform CHCls 1.526 
12 | Ether—ethyl (C2Hs)20 -719 — 45|— 49 
13 petroleum CsHis; CeHua | .650; .700 
14 | Gasolene CeHu; CsHus] .700; .750 — 18 oO 
15 | Glycerin C:Hs(OH)s_ {1.260 at 176 351 
16 | Kerosene CroH2; CisHss] .750; .775 37 08 
17 | Naphthalene CioHs a 85 185 
4° iG. 
18 | Nitro Benzol CeHsNO2 ¥.20 at.3° C; 90 194 
19 | Pyridene CsHsN -989 20 68 
20 | Toluol CeHsCHs -882 at 0° C. 8 47 


21} Xylol CoHa(CHs)2 .862 80 176 


jE nS nn ee eT UU Urn nnn REISSUE RnR 
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TABLE 43—Continued 


f=} - 

Apparent : Selas 

Boiling Point. Ignition potene a & ee 

Temp. Explo- i Vapor 38 ess 

Sve Me Seen Densrttyiee SE 

Range. Air =1. Sc) S 3 

Deg. C. | Deg. F ong Deg a Deg ae nes 

< Bs) 
1.5 34 —134]—209] 4.49 I 
77% 171 — 83.8] —118 | .3.04 | 19.0] 5.0 2 
57-5 136 : — 82]-—115| 2.56 iz 
56.1 133 2.0-9.0|— 95|—139| 2.01 | 19.0] 5.0 | 4 
138 281 3-04 5 
78.4 I7Z 435 | 887 | 4.0-13.0] —117 | —178 1.59 6 
64.7 148 — 97|—142 I.I0 | 7-I5]12.25| 7 
184 365 —- 6 21 | 3.22 |9-56] 9.5 8 
80.2 176 500 | 932 | 2.7-6.3 5-5 yc eee ef 35-7] 2.72] 9 
46.2 IIs 100 | 212 —1I16|]—176| 2.6 14.3] 6.53] 10 
61.2 142 4-13 Il 
34.6 94 180 | 356 | 3.0-7.5 |—117|—178] 2.6 28.6] 3.38] 12 
60 to 90 |140 to 194 2.5-3.0 13 
90 to 150]194 to 304] 280 | 536 | 1.4-6.0 3.0-3.5 14 
290 556 17 63] 3.18 57-1 2721 08 
150 to 300/304 to 574] 250 | 482 4.0-8.0 16 
218.2 426 79 174] 4-42 17 
2I1 413 4.25 | 36.9] 264] 18 
115.5 240 — 42|/— 43] 2.73 | 23.8] 4.03] 19 
IIr 232 — 92]}—133] 3.14 | 42.9] 2.28] 20 


139 283 3-66 21 


Flash Point, 
Closed Cup. 


Deg. C. Deg. Fr : 
“ahs (CAGE AOE eS 6 Gace oh epee ee an ain aero -964 281° 
Be Corn Ol 1S Seb oie. b= epee a eden s+ = -922 248 
meee COLtonseeds Ol! sajeanye be nclew oe + ais <loiatehagets . .925 210 
, Tinseed-Oil<—Boiled di. ect ae al ees 192 
inseedsOu=—="RAW. ohb deco =. des Sos <b Aer = 4930 242 
OUVETOI) | eal. oft eae t saath a ate ee cs 8 -918 246 
je TOM SSE Rees, One seer ees eee See .920 216 
= Peanut. Gil Se chs un eae ae ee -O17 202 
Thee 0 eT ee eae 913 265. 
r JeYoCs 0 Ost Sane SRS, ROS Ie ee on eS 984 130 
Mrpentine=..% oft aes aes: doe ee sb an ees 860 HSee 
TABLE 45 
ur 
tt ANIMAL AND FISH OILS i 
Fis Points 
. losed Cup. 
Name. f Specific Bion 
{ \ Gravity. Pet ore ee 
L c Deg. C, | Deg. F. 
t ot OF 
Bone Oil fn 
one He eee iene Iran SP is eS 253 
a foloisl LOTS; LO) CP Saree Gieceaed oot ce. Boe : ; : ae ~ 
i Lard Oil Ge) | .Or75) 255 aot 
: NTSHRACETE CREP Sarin siden pp ale ceprlaslee ve Om ' 735% || 34siF 
“ee Neate Poor Ol}. Rae i dew cis chs odes Pecs| | Otay 25axc |! agent 
BOLO fcc. a fscene eden cash wavoebaiwen SIs 508 
RedlOi i. ene eewewes Hy ee ever se ess -904 188 "372 
CAG TRG .c ang ttocgenorinn cart aero coch +920 251 486 
q Raper ONG ge causa Cann veiw vinnie vee wane -8815 235 455 
TNS gO ie ro gaa pte mireaecs cancer os cee 943 253 490 ~ 
7 Ai SCR OT ee SSR OS rata ia ak acl. .927 245 


Note: Some of the oils listed in Tables 44 and 45 have been credite 
with a very wide range in flash points by different authorities. The fgusen 
used represent averages in such cases. 


— 
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TABLE 46 


RELATIVE TENDENCY TO SPONTANEOUS IGNITION OF FATS 
S| P-L a ee 


Vegetable Fats. = ag Animal Fats. Pa 
Linseed Oil (Raw)....... 170 PodiiveniOus « «ete acca 140 
UG) Rae eee 150 Sen OM ia As See Ps 127 
ENNE ON tases cere sp as St 146 apan Liver Oil... : 120 
AE ee a ee gi 138 Goose Fat....... 71 

a os Sp eae 138 Bone Fat... 005 68 
Cotton weed Of osc: 108 Hog Fat, American. eS 62 
sesame Of. 535, 205.0 106 Hog Fat, German.. F 58 
mape On |. Lh loser: 2.065 IOI Tallow... > cb-.csh : 42 
Ground-nut Oil.......... 96 Mutton Tallow. E 42 
eo eee 84 Wool Fat...... 36 
CSE Lea 82 Butter Vatscse. a.ibse cos 30 
gp 2 ee ee 52 
iecoe Butter >>... 36 
Palm Kernel Oil. ........ 14 
Preoanut On. 3>.c 2... 9 


Note: The best basis for establishing the relative spontaneous heating 
tendency of fats is claimed by Von Schwartz to be the relative ability per 
100 grams of fats to absorb iodine. 

Boiled linseed oil is more hazardous than raw. 

Rancid animal fats and oils are more dangerous than pure vegetable oils. 
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TABLE 47 

EXPLOSION TEMPERATURES OF BLASTING MATERIALS 
Name Degrees C, 
LE tg OG Ch Ae Se 0 en ae, 203-209 
Blasting Gelatine with Camphor...........+.ssseeeeeeee 174-182 
CONS TEL TE, CDN SAA 7 IR Rone ene ah ee eens el a 195 
CelluloseaP ye tamites GA os Sls o' oc ctcc clas ou o0vs 00 Wi ve cose 169-230 
al et tOst ONY COU AIE-“CLY oo.cin o cps clans 0 AO Seiko v0 4 o.cte Dade 186-199 
WAY AITAAL Co ai afol o et ate Vat 40) 5, ios iat Aa di-ora. v<eeteyn|stncd Adie @age: ee. tre 0% 197-200 
re COTIOM ASE “OLG 5.2 Aso 67.0 4/0.0:6 n10'0 4 6a 050inis 0 6 Dera els ald ia-oy 137-139 
Gen Cotton, Compressed «5 0..45...6 000.0 mieeee Pn Operas 186-201 
Kieselguhr with 50 per cent. Nitroglycerin............ 180-230 
bere they arb cis tates p.cle(y cic,elovs: § mco.e P wiaiane's, ceiy 02's. t. 0.5, cte esbee o 8 175-187 
INSEL CASH RTE Poet soa nis 55 ined 2 -o yeh 01 wie! v) r0\'s aie, arb, eyslle, <0! o wags v- ejpi0- or 257 
ig? cab Rese a. ASP, ARC oon Bee meen bt One eea er er eer 300 
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TABLE 49 


SPRINKLER FIRE TABLES 
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The following tables are from the 1923 report of the National 


Fire Protection Association: 


SECTION I 


Summary of Unsatisfactory Sprinkler Fires 


= 


1922-1923 1897-1923, incl. 
No. of | Per No. of | Per 
Fires | Cent | Fires | Cent 
Water shut off sprinklers... ..-.-2...-++2--5- 28 33.8 360 29.3 
Generally defective equipment 6 7.3 : 
Unsprinklered portions. .....-----++++errsee: 4 4.8 } aoe 20-8 
Defective water supply or supplies.....-....-- 5 6.0 III 9.3 
Sprinkler system crippled due to freezing.....- 2 2.4 AI 2.3 
Slow operation of dry system or defective valve 7 8.5 33 a7 
Slow or defective operation of high test heads. . 3 3.6 22 1.8 
Faulty building construction, concealed spaces, 
vertical openings, etc... -.--. sees eee eee eeee 6 > i 62 LA 
Obstruction to distribution........---------- vf 8.5 70 5-7 
Hazard of occupancy too severe for average) 
sprinkler equipment......----+--+e++++++- | 8 9.6 70 5.7 
Explosion crippled sprinkler system........--- 55 4-5 
Exposure or conflagration. .-.....--------++* 71 5.8 
Plugged heads (included with Miscellaneous prior, 
EGTOZT) Sarvivrerein aimsimciariclewisigineineicisie nee cnee | 3 3.6 6 5 
Miscellaneous. ......--- ese ree reece eereeees | 4 4.8 77 6.3 
Oo esata te CROPS MS ICT Ce Iie i ae 83 1227 


Special Classification of Fires in Which Failure Was Due to Water Being 
Shut Off Sprinklers 


Water snut off for unknown reason, neglect, 


MEIMGIEGL cic muda’ ese 42 aoqeggrecte sce atime 
Water shut off due to accidents or repairs... 


Water shut off to prevent freezing.........- 
Water shut off, probably incendiary........- 
Water shut off, leaky dry system.......-- Fass 
Water shut off, miscellaneous........+--: a 
Water shut off, defective gate valve........- 


BBG talherntrorereevervrorerwisle eiwieraratooerereloreveseveeioe 


1897-1923 


1922-1923 

No. of Fires No. of Fires 

7 134 

6 54 

Z 60 

V4 73 

6 

mr 

<a 15 

20% 7 

28 360 
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SECTION II 
Annual Revision of Sprinkler Fire Tables 


In the following eleven tables is given a summary of fires occur- 
ring in properties equipped with automatic sprinklers. The total 
number of such fires reported during the past year is 2,550, which 
includes 624 fires where no sprinklers were opened. Several re- 
ports were also received in which the data was incomplete, and 
these were not used in the summary. It may be noted that the 
total number of fires does not agree throughout all fhe tables. 
This is because some of the reports of fires prior to 1909 were 
not considered sufficiently complete to include in all the tables, and 
hence appear in some tables, but not in others. 


Table No. 1—Time of Day 


1922-1923 1897-1923 
No. of Fires Per Cent No. of Fires Per Cent 
Oa. m, to'6 p.M....... 959 50.1 15008 56.6 
Ope Ms tOO a. Me Hess 954 49.9 T1535 434 
Total with data given .. 1913 26543 
ONG CGE alate eth ote momies «ane 13 463 
SROGG Ls creieiste.s;cbuacstate 1926 27006 


Table No. a—How Discovered 


1922-1923 1897-1923 


No. of Fires Per Cent No. of Fires Per Cent 


HOM DPIOVECS via.n sles sh.s 6:08 846 


44.0 1$075 $7.1 
Watchman. ..6. 6.0 sis 246 12.8 3001 14.8 
Sprinkler Alarm....... 565 » 29.4 465 17.6 
(Oil: CS ee Age cite Ser 141 7.3 143 5.4 
Thermostats.......... 30 1.6 779 2.9 
Supervisory System... . 95 4.9 589 7.2 
Total with data given .. 1923 26434 
ING MAUR oer eck eh baa oF 3 572 


Totaléxacn ce becniee 1926 27006 
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Table No. 3—Efficiency of Alarm Service, 1922-1923 


Note: This table does not include fires where alarm service does or 
does not operate promptly if fre is at once discovered by employees, the 
alarm service having no bearing on such fires one way or the other. 


Watchman alone 


Sprinkler Alarm alone 
Thermostats alone 
Supervisory System alone 


————SS 


Watchman and 
Sprinkler Alarm 
Sprinkler Alarm 
and Tuermo- 
stats 
Watchman, 
Sprinkler Alarm 
and Thermo- 
stats 
Sprinkler 


Alarm 


and Supervisory) _ 


Watchman, 
Sprinkler Alarm 
and Supervisory 

Sprinkler Alarm, 
Thermostats 
and Supervisory 


Satisfactory. Failure. 
Total. 
No. of | Per | No.of} Per 
Fires. | Cent. | Fires. | Cent. 
Sr ee ae II9 95.2 6 4.8 125 
a, eee 375 98.7 5 1.3 380 
DR ee rae ot Pi ae 4 100.0 fe : 4 
ie oie ine oe alee = 100.0 r 
Watchman Sprinkler Thermostat. | Supervisory 
> Alarm. ‘ : 
To- 
tal. 
Satis- | Fail-| Satis- | Fail-| Satis- | Fail-| Satis- | Fail- 
lfactory.| ure. |factory.| ure. |factory.| ure. |factory.| ure. 
127 98 213 12 225 
20 2 20 2 22 
3 3 6 4 2 6 
130 2 132 132 
6 40 46 46 46 
9 7 2 9 9 


eee EERE ane 
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Efficiency of Alarm Service, 1897-1923, Inclusive 


Satisfactory. Failure. 
Total. 
No. of | Per No.of | Per 
Fires. |. Cent. | Fires. | Cent. 
ee EE | 
Watchman alone...:. a 2207 90.9 220 9.1 2427 
Sprinkler Alarm alone........-..----- 2823 95.3 139 4.7 2962 
" hermostata aIOne. -...b.cc.ce ese ee 221 81.5 50 18.5 27% 
Supervisory alone.....0. 0) ance nets 60 98.5 I hice 5 61 
Efficiency of Alarm Service, 1897—1923—Continued 
Watchman. Sprinkler Thermostat. | Supervisory. 
Alarm. 
To- 
tal. 
Satis- | Fail-| Satis- | Fail-| Satis- | Fail-| Satis- | Fail- 
factory.| ure. |factory.| ure. |factory.| ure. |factory.| ure. 
Watchman and 
Sprinkler Alarm} 1639 |1108*| 2448 299 a ma os os A2TaT 
Watchman and 
Thermostats... 20 10* at as 28 2 ee oes 30 
Sprinkler Alarm 
and Thermo- 
BEALS beste ce 579 45 490 134 = ond 624 
Watchman, 
'Sprinkler Alarm 
and Thermo- 
MUR CG ev ids s a6. 49 84*| 124 9 99 34 e sy 133 
Sprinkler Alarm 
and Supervisory 761 15 a a 768 8 776 
Watchman and 
Supervisory... . 12 o* ce oa vs a 21 $6 2r 
Watchman, 
Sprinkler Alarm 
and Supervisory 106 280*; 375 It _ os 374 12 386 
Sprinkler Alarm, 
Thermostats 
and Supervisory 86 3 TA 15 88 I 89 
Watchman, 
Sprinkler Alarm, 
Supervisory and 
Thermostats... I I 2 2 2 2 


* These include fires where sprinkler alarm or thermostat notified the 
watchman, 
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TABLE NO. 5 
NUMBER OF SPRINKLERS OPERATING 


No. of Fires 1897-1923, incl. 


No. of Sprinklers 


00 COmI TAI ON 
AG HOMORW 
AROW WOM © 

nN 

wn 

mn 

Lal 


Mitidtin oe ees 3 229 4.8 547 2.0 
Be cotchucaiinte ainsi heres 20 382 420 
4796 420 28560 
270 


biggz | os £16r Isgez Qz61 ot 6ze LEST Aes see VS Sol ee are Me 
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TABLE NO. 7 
PRIMARY WATER SUPPLIES TO SPRINKLERS OPENED 


1922-1923. 1897-1923, incl. 
No. of Per No. of Per 
Fires. Cent. Fires. Cent. 
WVATEEWOLKS cfs mais wiv oc0 atttais bie ated O55 50.3 13758 52.5 
Gravity SDA Ka cs oc dew alu sakes 332 17.5 6400 24.4 
Pressure Tank... 0... .-eess < 515 27.1 4626 17.6 
PSs ik Lhe Sor eb ORS 96 St 1409 5-4 
Steamer Connection.......... 8 es 3 I 
Total with data given. ........ 1808 26106 
INOUDAtA Te. towne ee eten est 2 540 
Water shut off system......... 270 
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TABLE NO. 8 
SHOWING EFFECT OF SPRINKLERS BY CLASS OF OCCUPANCY 


Extin- Held Fire —— Unsatis- 


Hy Onis 
— in Check.] g2ctory. factory. | 3 
‘ Kio 
Pam) 
No. | % | No.| % | No | % | No.| % 
Agricultural Implements... . 52] 57-7| 34] 37-8] 86] 95.5 4.5 
Alcohol (Wood) Plant...... i Poca & I| 100.0 I|I00.0 Y a ite 
Apartnients .\ 25%). ioe. ..5 I5| 93.8} LY .6.2 16|100.0] .. be 16 
Artincial Leather. . ...57.-. -/2 I0| 50.0 8) 40.0 18| 90.0} 2 | 10.0} 20 
Automobile and Bicycle Fac- 
tories. ....- a ests ve Se I14| 57.5 75| 37-9] 1890] 95.4] 9 4.6] 198 
Awning Factories.......... 5| 71-5 2| 28.5 7/100.0] .. &. 7 
Bag Bactories..5.". 2.5...) 13} 56.5: I0] 43-5 23)100.0! .. ane 23 
1 Te ee ee 69; 72.6 23) 24.2 92| 96.8} 3 3.2 95 
Basket Factories........... 7| 87.5 f)- 12.5 8/100.0} .. 4 8 
Bolt, Nut and Screw Works. 17| 65.5 9| 34.5 26| 100.0 26 
Boot and Shoe Shops....... 562} 73-7| 173) 22.8] 735| 96.5| 27 3-5] 762 
Botting Works .>....2... 2: 4| 80.0 eae 4| 80.0) I | 20.0 5 
Braiding Mills............. 16} 84.2 3] 15.8 I9| 100.0 19 
OES CES Sara bs 5} 83.4 I} 16.6 6| 100.0 6 
Broom Factories........... Io} 58.7 5| 20.4 I5| 88.1) 92%) IT.o; a7 
Brush Factories........... I7| 77-3 iS) 2229) 22'100.0| .. at 22 
Button Factories.......... 42| 82.4 TT L347 49| 96.1} 2 3-9] 51 
Candle Factories.......... 5} 50.0) 5] 50.0 I0|100.0] .. a3 To 
Candy Factories: .......... III] 71.6} 39] 25.2] 150] 96.8) 5 3.2) I55 
Canning Factories......... Io} 58.8 4| 23.5 14| 82.3) 3 | 17-7 L7 
ete PIOUBCS No, cra ales cot roe) 28! 46.7 25| 41.7 53| 88.4] 7 | 11.6} 60 
CR ONS Ce ee ee eee 70| 60.9 41} 35.6] 111} 96.5} 4 3-5] II5 
Garnet Millet. is 0. oes oo ot I59| 61.9} 89] 34.6] 248] 96.5) 9 3-5| 257 
Carriage and Automobile os 
Body Factories.......... 1o1| 60.8 51} 30.8] 152] 91.6} 14 8.4] 166 
Celluloid (Pyroxylin Plastic)} 135) 66.7 43| 21.3] 178] 88.0] 24 | 12.0] 202 
Cement and Plaster Works. . 4| 66.6 I} 16.7 5) 83-3} «=z 16.7 6 
Cereal Mills... 20.9% ...5 32| 65.3 12| 24.5} 44] 89.8/ 5 | 10.2) 49 
Chemical and White Lead... 91} 58.0) 52| 33-1] 143] 91.1] 14 8.9| 157 
Clothing Factories.........| 942| 83.2} 183] 16.1] 1125) 99.3 8 +7} 1133 
COLO Eg) SNR as ore 7| 77.8 2| 22.2 9|100.0] .. 45 9 
Coffee and Spice Mills...... 47| 66.4] 21} 29.6] 68) 96.0) 3 4.0) 71 
Coit Factories. 3% 295. .% 50| 76.9} 13] 20.0} 63) 96.9} 2 B31) 465 
Cold Storage Plants........ 5| 55.6 Al 44.4 9|100.0| .. A 9 
Cooperage Plants.......... 47| 56.0] 27| 32.1] 74] 88.1] To | 11.9] 84 
Cordage Works.......:..-. 208] 65.3] 100] 31.2} 308) 96.5) It 3.5] 319 
@ork pactories 0... sssece* 14] 48.2 12| 41.4] 26] 80.6] 3 | 10.4) 29 
Corset Factories........... 8} 66.7 3) 25.0| 11] 91.7) 1 8.3] 12 
Cotton Ginnery.........--- Io} 62.5 6] 37.5 16| 100.0 io 16 
Cotton Mills. ..2......-.--: 3924| 62.0) 2342] 37.0| 6266] 99.0) 72 1.0} 6338 
Cotton Warehouses......-. 145| 46.2| 142] 45.5} 287| 91.7| 26 8.3) 313 
- Cotton Seed Oil Mills...... 39 ane 28| 35.0) 67| 83.8] 13 | 16.2] 80 
Cutlery and Tools......... 23} 63.9 11] 30.6] 34] 94.5} 2 6i5)'5 186 
Department Stores.....-.--- 390] 78.3] 95] 19.1] 485) 97.4} 13 2.6} 498 
PUSH UETICS ig Bas eat ne 3s 7| 63.7 3| 27.2] 10] 90.9] I 9.1 Il 
TLE ey lene creer eer fo 19] 51.4, 18] 48.6} 37/100.0 ni 37 
Drug Houses. .......------ I69} 80.5} 37] 17-6] 206) 98.1) 4 1.9} 210 
Dry Cleaning Establishments 6| 66.7 3) 3323 9,100.0 9 
Dyeing, Bleaching and Fin- 
ishing, 205 = 3 < ee Gen eOeO 146] 53.7| 113] 41-5] 259) 95-2) 13 4.8) 272 
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TABLE NO. 8—Continued 


ee o8eess060OoO0OoOoOoomnso0— 


Total 


Electrical Appliances....... 
Electric Light and Power 

(Piantsicd occ -eavateet tees oe 
Elevators, Grain........... 
Excelsior Factories......... 
Mertilizer Plants: ....)....-) 
Flax and Linen Mills....... 
Flour and Grist Mills....... 
Forge and Smithy......... 
IMOUNGTIES.... £0... Se Py <igaye - of 
PE WOrkS...... saab < sts 
Furniture Factories.......- 
Garages: (dss a awct. abe 
Garbage Reduction Plants .. 
Gas PIAnts..<. «somites «ont 
Glass Works... . cetvatente « «os 
Glove Factories..........- 
Glue Factories). ...cek ais +s 
Groceries. .4s sok ge canes 42 
Harness and Fancy Leather . 
Hat Hactories.. .f.s5 ae. ts 
Hatters’ Fur Works........ 
BlOtels tas cs oss hte oh es we 
Hee Plants ise. sisichges 6 SS-o he 
Incandescent Lamp Factories 
Anstitations «$6 2.05. swe 4 
Insulated Wire Factories... . 
Jewelry Factories.......... 
UNEISHODS +. . ok gt ces sae 
Knitting Mills, Cop Yarn... 
Knitting Mills, Full Process . 
PAUDETICS. . Bo hicin BEETS & 
Lead Pencil Factories...... 
Linseed Oil Works......... 
Machine Works........... 
Match Factorilesi: ici... 4s 
Mattress Factories......... 
Meértantile i ..cp.dcn see > 45 
Metal Reduction Works .... 
Metal Workers.......5..-> 
Miscellaneous. ......650+55 
Morocco Leather Shops..... 
Motion Pictures+.;.. ivas. «5 
Munition Factories........ 
Musical Instrument Fac- 

TOPIER cio ils chutch see ot 
Office Buildings........... 
Oil Clothing Factories. ..... 
Oilcloth and Linoleum Works 
Oil Refineries 


Mineral. 2. decax vende o% 
Vegeta blevic i srses< teats 


Extin- 
guished 
Fire. 


No. 


% 


71-5 


33-3 
37-7 
17.4 
62.2 
47.2 


Held Fire 
in Cneck. 


No. 


% 


25-7 


50.0 
37-7 
16.1 
29.7 
52.8 
34-0 
26.1 
37-4 
10.0 
27.5 
30.8 
20.0 
33-3 
36.8 
23.1 
33-3 


Sa 


tis- 


factory. 


No. 


491 


470 
1047 


1185 


% 


97.2 


83.3 
75-4 
93-5 
91.9 
100.0 


Unsatis- | 6 

factory. |Z 2 
siz 
e-) 

No. | % e 


ms 
om 
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TABLE NO. 8—Continued 


Extin- . Total s : 

* Held Fire A Unsatis- | 6; 

ia in Check. pee factory. |4 3 

Sm 

es 

No. | % \No.| % | No.| % |No.| % 
Packing House and Slaughter| 129) 69.4 50| 26.9] 179] 96.3) 7 3-7| 186 
Paint and Color Works. .... 156| 60.6] 60] 26.8] 216] 96.4; 8 3.6] 224 
Paper Box and Papeterie....| 156) 75-0} 48) 23.1] 204 98.1; 4 1.9] 208 
(Paper Mills. tack pack an 365| 50.1] 305] 41.9] 670] 92.0) 59 8.0] 729 
Patent Leather Works...... oi ie SE} 10} 47-6} 17| 80.9] 4 | 19.1 21 
Phonograph Works........ 18| 75.0 5| 20.8 23) 95.8] I 4.2 24 
Photographic Works....... 22| 75.8 6] 20.7 28] 96.5) I 3-5), 929 
Picture Frame Factories. ... 39] 64.0 16] 26.2 55| 90.2} 6 9.8} 61 
Plumbers’ Supplies. ........ 20! 80.0 5| 20.0] 25/100.0] .. a 25 
Potteries . 44| 63.7 21} 30.4] 65] 94.1] 4 5.9| 69 
Printing and Lithographing . 579| 80.5] 122] 17.0] 701} 97.5) 17 2.5| 718 
OTT ee ee 30| 35-3 39] 45.9] 60] 81.2] 16 | 18.8 85 
Mrestaurants. . =~... 2 sen swn'es 42| 82.4 8] 15.7 50] 98.1) I 1.9 51 
ga Ce eee I| 50.0 I} 50.0 2|100.0] .. 50 2 
Rolling, Wire and Tube 
MEIC er ccs o's, 0 ainda ie 0 26| 57.8 17| 37-8] 43] 95.6} 2 4.41 45 
Roofing Works - ae 23| 36.5| 34] 53-9] 57] 90.4] 6 9.6] 63 
Rubber Cloth F actories. ete 26| 60.5 17| 39-5 43|100.0 cs 43 
Rubber Reclaiming Werks. 6) 35.3 9| 52.9 I5| 88.2) 2 11.8 17 
Rubber Works. ....]| 130] 49.6] 115] 43-9] 245] 93-5| 17 6.5| 262 
Saw and Planing Mills...... 81| 43.8] 61] 32.9] 142] 76.7] 43 | 23-3] 185 
SS Ce See 7| 70.0 3] 30.0 10|I00.0 a 10 
Snare HACEOTICS:.. 2:6 ove nee wos 45| 86.5 7| 13-5 52|100.0 = 52 
Snoddy Milla.o0..csccasicis 192] 65.7| 80] 27.4] 272! 93.1] 20 6.9| 292 
Tai ee a eee 75| 74-3 22| 21.8] 97| 96.1) 4 3.9] Ior 
Skin Mills..... Sarr 2| 66.7 4) 33:3 3}100.0 ate 3 
Soap Manufacturing. Leen an 34] 79.0 8| 18.6] 42] 97.6) TI 2.4, 43 
Stamping and Sheet Metal 

_ NTS ere 58| 61.8 29| 30.9| 87] 92.7} 7 7.3|,) Of 
Starch and Glucose Works. I2| 52.3 4| 17.4 16) 69.7| 7 | 30.3 23 
Sticky Fly Paper Factories. 3| 75.0 I} 25.0 4|100.0| .. it 4 
Sugar Refineries........... 20) 64.5 10] 32.3} 30] 96.8) I 3:2| osu 
RICEIER Cs, one xm Lied Ree, 43) 52.5 32] 39.0 75| O1.5| 7 8.5 82 
Tenant Manufacturing..... 635] 73-8| 180] 20.9] 815] 94.7 46 5.3) 861 
IG SELOM SS ool sic win Gon wanes 45| 72.6 14] 22.6 59| 95.2) 3 4.8 62 
Tobacco Factories........- 51| 69.9 Ig} 26.1 70| 96.0| 3 4.0| 73 
Trunk Factories..........- 15] 68.2 5| 22.7 20| 90.9] 2 9-1) 232 
Varnish Works...........- 18] 58.0 II] 35-5] 29] 93-5) 2 6.5} 31 
Wall Paper Factories....... 13) 68.5 3) 15.8 16| 84.3} 3°] 15-7 19 
MVarehOUses. 26. cee cere ees 329] 70.6] 114] 24.4] 443] 95.0) 23 5.0| 466 
Waste and Batting Mills. . 245| 61.3| 140) 35-0] 385] 96.3) 15 3-7| 400 
Waste Paper and fois Shops 68| 62.5| 38] 34.8] 106] 97.3) 3 2.7| 109 
Weaving Mills. 115| 65.6] 56] 32.0] 171] 97.6] 4 2.4] 175 
Whip Factories. Lae Pare 4| 66.7 2| 33-3 6|100.0| .. as 6 
Window Shade Factories. . 10| 83.4 wl odes 10] 83.4] 2 | 16.6] 12 
Woodworkers, Class A*¥..... 139| 53-9 83| 32.2] 222] 86.1] 36 | 13.0] 258 
Woodworkers, Class B*¥..... 144| 52.2| 104] 37-7| 248] 89.9 28 | 10.1] 276 
Woodworkers, Class C*¥..... 125] 60.6] 71| 34-5] 196] 95.1) 10 4.9| 206 
Woodworkers, Class D*..... 87] 58.0] 44] 29.3] 131] 87-3) 19 | 12.7) 150 
Woodworkers, Class E*..... 143] 63.8} 70] 31.3] 213] 95-1) If 4.9| 224 
Woodworkers, Class F*..... 34| 60.8 58) 32.3 52| 92.0} 4 71 50 
Woolen Mills..........-.. 806] 70.4] 315) 24.8| 1211] 95.2] OF 4.8| 1272 
Wool Storehouses........-. 27| 71.1 9| 23.6] 36] 94.7| 2 PP ye E) 
Worsted Mills. .......6:... 55| 51-4, 38] 35-5} 93] 86.0) 14 | 13.1] 107 
Total Sprinkler Fires... 19,008 8,579 27,587 1,227 28,814 
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TABLE NO. 8—Concluded 


* The Woodworkers are classed as follows: . 
Class A. Interior Woodwork, builders’ supplies (including veneer 


works). 

Class B. Box Factories (including cigar boxes). 

Class C. Miscellaneous Woodworkers. Steam power tenant Wood- 
workers (also Woodworkers where there is a lack of detailed information 
as to class). 

Class D. Sash, Door, and Blind Factories. 

Class E. Hard Wood Turning (wheels, pipes, novelties, bobbins, spools, 
etc., last and wood-heel factories). 

Class F. Pails and Woodenware. (Plates, wooden bowls, tubs, etc.) 


$2| 73-4 
“| 16| 66.7! 


TABLE NO. 9 
CLASSIFICATION OF UNSATISFACTORY SPRINKLER FIRES BY OCCUPANCY 
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TABLE NO. 9—Continued 


Munitions Factories... . 


Cop Yarn... 
Musical Instrument Factories 
Oilcloth and Linoleum Works 


Miscellaneous........-. 
Morocco Leather Shops. 
Motion Pictures. 


Metal Workers......- 


Mattress Factories... . 
Mercantile... ....%. . «=. 


Match Factories...... 


Linseed Oil Works...... 
Machine Shops....... 


Lead Pencil Works...... 


Knitting, Full Process. 
WertNOiies cree ves s wae « 


Hatters’ Fur Mfg 


HLOCEIS ave» og» < 
Junk Shops......- 


Hat Factory.... 
Institutions..... 
Jewelry Shops. . . 
Knitting, 


Groceries....... 


Glue Factories. . 
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TABLE NO. 10 


SECONDARY WATER SUPPLIES 


TO SPRINKLER SYSTEM 


Occupancy. 


Agricultural Implements... 
Auto and Bicycle Fac...... 
IBagihactoriesij.). a. scc0% 2 
IBakenicaent te ee ee ee 
Bolt, Nut and Screw Works 
Boot and Shoe Shops...... 
Broom Factories,......... 
Button Factories......... 
Candle Factories.......... 
Candy Factories.......... 
Ware Ouse Siaid shears ers giels, oe 
CATA OIKGx acca c oe ee cee 
Carpet: Mills), Tike tts 
Carriage Factories........ 
Gelluloid Works... i... ..... 
Cement and Plaster....... 
Cereal Mills. oc. v cw ewe 
Chemical and White Lead. . 
Clothing. toma Co leet. k abe 


Cooperage Plants......... 
Cordage Works..:.......+ 
Worle Factories... 6.5.6.8 
OECOR MINS Sins testes e, ccte 
Cotton Warehouses....... 
Cotton Seed Oil Mills...... 
Department Stores........ 
PMBULLIOTICN ; icieieisss sm ool. > 


Dyeing, Bleaching and Fin- 

RSM Pcie tis sw te ets CaO: 
Electrical Appliances...... 
Electric Light and Power .. 
Elevators, Grain.......... 
Fertilizer Plants... 4s). +0 
TOUE WANS 7s ote ee to tee es 


aie Primary 
Supply. Supply. 
o 
= 
Be s ar pgs 
sll leldlz 
° a 413 )° 
6) | a) eer 
Zi e|/3|)2/2 2 
| Sg o;do|s ie 
8 3) e ~ 4 QD 
5 a i ee 
& |BISIBIOla 
90 3}-3-3]- 3} --2} 0 
198 6} 3.0} | 2hycuBhorez 
23 2) S27] | oe. 2 
95 4 eS re ec ic 
26 a eel Freese. 
962} tal 1.8)! oT Sta 
17 EC SOL db Slee 
51 EB) 2:0) Feeoatie © 
10 Th EO drome haranen Bile 
155 5] .do2) b Tireny bret 
60 E) I.7) > Beis le 
IIs 3)- 2:6)" 2f—Ef res 
257 5} 1-9] 3] -2| --}-. 
166] 16} 9.6} 10] 1] 5}. 
202| IS] 7.4, 13} Ij fi. 
6 BZ363i les ry 3. 
49 Al Salt ai .. Sie 
I57| 16/r0.2}] 2] 12} 1 
LU3Z8}-) 24] SPL] Ly Ss). 
65 21 Sh. p PE BS 
84 6) 7.1 ee 5]. 
319] 34|10.6] 12] 6) 14 
29 EP rSeSt boc El Sslls 
6338] 388] 6.1) 60/311) 7 
313|' 23/~7-4| | O| 17} ..}. 
80} 17)21.2 I} 14 I 
498] xO} 2.0) /+2] 3] si. 
II SIZ7Bi best 21 wu 
210]'  TOl 4.8] } SI) <<] “Si 
272 720k) 3) ahi fe 
214 A EOPL. St 5.51 be Bt 
12 EI OOsSUhs s Dg ey ie 
69] 17/24.6; 2) 5] 8 
37 7|18.9] I] 2) 3 
I0O] 1o0j10.0] 2] 4] 4). 
257 Lo) Re | PY Ue 
775| 51] 6.6] 23] 9} 18 
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Miscellaneous Tables | 
TABLE NO. 1o—Continued 
Occupancy. Pyaar Primary 
Supply. Supply. 
n 
z : 
A= oot Be 
S85 THldls 
12] |elelals 
6 eo 5 41018 
Z }/oa|s]ete] & |e 
a/slelsle| els 
= 5 GS lele|3i2 
= SIE |O]aAls 
EDS a Sey eee Se 208 Al 91 te Ij 3j.-. 
Glass Works. ......-.--.-- 95 616.3) 3]| rls*2I-. 
Glove Factories........... 13 vith ply ee § (awe Pete (Pe 
Glue Factories..........-- 12 5125.0) 24) 3h-<54-- 
Harness and Fancy Leather 113 Swt.41 EEL «21> 51 32 
PSE MACTORICS 100 2.22242 ~ 65 201 OB) 4.5] T2] 3) H4ee 
Hatters’ Fur Mfg.........- 23 EUMALSSE ood es he 
Inc. Lamp Factories....... 24 B42] chk Ties she? 
Insulated Wire Factories. . . 47 BA 4-3\ 102) 21). -1e- 
Pepe SIGUS Milani. 5 ne conc <5 23 4¢ 8.7] x1 ..) -2]-- 
Knitting Mills, Cop Yarn. . 65 Ziel Se” Nira '2~ 
Knitting Mills, F. P....... FA2| ©27| 3.6| 16] 20] 1)-- 
Linseed Oil Works........ 30 6}20.0| ..| 2|- 3] 1 
Machine Shops.........-- SUAt eT e2-T) AM) 317163 
Match Factories.......... As. sip 0 reap 
Mattress Factories.......- 477| 19] 4.0] 2] 9] 8I.. 
Mercantile. O05 ..< alae be ¥060) * 35) 73-3} “S| 1] 27) 2 
Metal Workers..........-- I235| 39| 3-2| 17] 11] 8] 3 
Miscellaneous..........-- 627| 34] 5-4] 16] 7] 8] 3 
Morocco Leather.......--- 61 4,01 OB) Si4- «feline 
Motion Picture. is. 64-256. 65 3174.6) 05h 3. Tl. 
Munition Factories.......- 51 OEF-7| WL Of. 
Musical Instrument Fac- 

ROTICR F-bicate os sa sree owe 171 8] 4.7| ©2] 2] 4!.. 
Office Buildings........... 26 CRB BAL The woes 
Oil Clothing Factories..... 16 ENE. ZWOee ofr 21-4 
Oil Cloth and Linoleum... . 107} 3835.6] 9] 26] ..| 3 
Oil Refineries (Vegetable). . 7 2:28:66). Zl 12% 
Packing House.....,.-.... 186| 1I1/ 5.9} 6) 3] 2|.. 
Paint and Color Works.... 224| 12| 5.1} 2| 2] §8|.. 
Paper BOS s c\cld< pe < 40h. obs 208] 88) 3.8} 2| 2] 4I/.. 
Paper Mills (Shaw densss « 729| 65) 8.9] 22) 37) 1] 5 
Phonograph Works 24 Tt Aedes) cel |X |lae 
Picture Frames...... 61 Al OO sal) Dll paler 
Plumber’s Supplies 25 By BON eth os) Il.- 
POtLCTICS. | of os.ae ede shine 69 AAs Tl os} 2 
Brinting.< sco. or er. er ees 718 g-s2rese gl Ale: 
BP esit ey WARIS) 5 oie crenccie og @'e'e. 3 85] 1214.1] 7] 3] 1) 1 
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TABLE NO. 1o—Concluded 


Second- Primary 
Occupancy. ary Supply. Secondary Supply. 
Supply. 
g 
g 2 
mz | 8 slate] |alal j<{2 
$l (8 é|2/sl4lg/elslé| alg 
} & =, § pipe 8 5 a i g < 
Z21/e} S/F} 3B) 8 |e El als Pall: 
= S Slolslalsjolsl|s ;/& 
$|/2/F) ele] 212s] 8/8) 8] Sls 
& 5 SISO /MIAS | 6 lala] ala 
PRESCAULANES 4). 62% « onal « 51 I| 2.0 Biol. ak £]. ~ |. «theca 
Rolling, Wire and Tube 
ORNS A cs haan Netiate ard 05 45 Bi 4.4) EE) «tk 4 Fr) ¥] /xect 
Moonie Works. «0 6 slna4 os 63 olr4.2| 4] 5 : 3 St 2ubem 
Rubber Cloth Factories... . 43 aim4.6+-crr x } ad ry omit 
Rubber Reclaiming Works . 17 3)17-7| I) 2 A 3] Sa 
Rubber Works. inc. 9.5. 262) (4 BI) 4-21 2381 27) pEha~ | ak 4) Sx 
Saw and Planing Mills..... 185} 37|20.0] 16| 12 o| 2) 8 18} 8) i 
Sra evel Cates AE OR See ee ec 10 T/®O.0} TX) =e: Bes ee: ree 
Shire. Mactories., ....-&. df. 52 Ziet.O| EX shits wee 
Shoddy Mills... i.usiendes> 292| I5| 5.1| 10} 3] I} x 3}- Oo} gle 
SIEM G Eo hd. chs cle nets 101 TIGRD) SBE Oh 9 E I|. LL 
Plc VENICE ic. ona cacao. 3 BIFG.S} OM) wif... ra 4 TH. t 
Soap Manufacturing....... 43 2|.4.6] arb = I I 4 
Stamping and Sheet Metal 
ORS dav cides « hua sins oes « 04 7) m5) Tap Bo -L ahr waits ai edt 
PRANDENIES E16 8-Saysheh cies cokes 82 51 OI) oh. 4 ox pi ayo eae 
Tenant Manufacturing..... 861) (¢ 24) 12.6] ST}! 2]. 9} 2). . Zl  Shsiovaiienaee 
Varnish*Works:. .....6..3.. 31 Ties SEwR Kl. emlee «=| seen | eae 
Wall Paper Factories. ..... 19 270.5] s2f oho. b.n =~} ob 2k 
IWiATCHGUSES 58a. cue sien ek as 466) 27) 5.8) 8) 9} 7] 3] 4] x3}.- 7) aie 
Waste and Batting Mills... 400) ©X5/«3-7] +7] 3] 5).-) Shresres Osis 
Waste Paper and Rags..... 109 4) 3-7|. +.) «./- oh... Pog atieth vee 
Weaving Mills............ 175 TAOIST Fh. cs hviell «od ee licmd|, Ravn 
Woodworkers, Class A*....}. 258} 16] 6.2} 10} 2) 3] x] z/ 5} 2] 4] 4] 2 
Woodworkers, Class B*.... 276) 19] 6.9) 6} 6) 6] 1} 2) 8|..) 4) 3) 2 
Woodworkers, Class C*.... 206 9] 4.4) cal, ay. sc.) eg tehhdsie 2) 2}. 
Woodworkers, Class D*.... 150 8) <5.3] (76) 4). <tplelioep 7 Ske I} 1}. 
Woodworkers, Class E*.... 224 Sl aBeioSk Wa Flick «| Qe ati tg 
Woodworkers, Class F*.... 56 6|10.7| 3] 2] 41 2 wx}. 2| foxit 
Woolen Milles .csawteasices 1272] 74] 5.8] 25] 40] 3] 6] 2] ro}..} go] 32). 
Worsted Mills. ........... 107 leno] ort xr... weds ER 
Ota LMT n EA share OPAL + 27,628/1429 418/676) 272 63|133|274]|16]673|204| 39 


*See detailed classification of woodworkers on page 754. 
t See footnote under Table No. 11. 
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TABLE NO. 11 


SECONDARY WATER SUPPLIES TO SPRINKLER SYSTEM. 
1922-1923 


| Secondary Supply. 


5 E 

2g “4 a a ns 

arts D a oS 

2 VUE av a S a o 

Ss : bo 3 a S| 2 

Primary Supply ES 5 é & 5 5 g 
OB = Sy co) Au A, ° 

ons oS .2 2; I 1S) 

ro) 2 = > D a (3) he 

oes, = 3 2 & 2 v 

222 = & pe = E 

a8 6) & a a a 

= =: o 

oo 

D n 

Water Wark. so52 <2 52 I 20 I 21 9 oe 
Gravity Tank... - .. 43 2 2 zi 36 3 Mt 
Pressure Tank.......| 30 6 20 < 2 I I 
Misc. Pumpsf{.......- ! 7 ae | 3 I I be 
ERE AY 4 es 4 + 132 II 45 2 60 13 I 


+ Miscellaneous pumps include water supplies reported as automatic 
steam pump, automatic electric pump, automatic fire pump, fire pump, 
rotary pump, and pump with no designation of type. 

SECTION III 
Efficiency of Primary Water Supply 

These tables, first printed a year ago, show no important change 
during the past year. As can be seen from Table No. 2, the pres- 
sure tank extinguished 66.6 per cent. of the fires with one or two 
heads and therefore shows a greater efficiency than the other 
primary supplies. This is due to the fact that pressure tanks are 
largely used in occupancies where numerous small fires may occur. 


TABLE NO. 1 
EFFECT OF SPRINKLERS. 1922-1923 


gD 
a 
WW) % |6T.| % |PT.| % | & % | No | Total.) % 


Ext. Fire.| 633 | 66.3 | 214 | 64.4 | 426 | 82.7| 66 68.8 12 1351 | 70.2 


Held fire 
in check] 279 | 29.2 | 102 | 30.8 80 | 15.5 | 25 | 26.0 6 492 | 25.5 


Failure..} 43 4-5 16 4.8 9 1.8 5 g52 || to 83] 4.3 


Total..| 955 332 515 96 28 | 1926 
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TABLE NO. 1—Concluded 
EFFECT OF SPRINKLERS. 1910-1923 


Ext. Fire.| 6436] 64.0 | 2478 | 63.3 | 2812 | 80.3 | 677 | 60.8 06 | 12499| 67.0 
Held fire 

in check] 3246] 32.3 | 1312] 33.5 | 648] 18.5 | 263 | 27.0 54 5523] 29.6 
Failure’ .|/ 373) 3:7 | 123] 3-2 43| 1.2 31 3.2 56 626] 3.4 


Total. .| 10055 3913 3503 9 


as) 


I 206 | 18648 


TABLE NO. 2 
NUMBER OF SPRINKLERS OPERATING. 1922-1923 


No. of 3 
Sprink- a No 
lers |W.W.| % |G.T Cea Pek uve | % D Total.| % 
Oper- =] ata. 
r iam 

ating. 

Msthatgnte 329 | 34.8 or | 28.0 | 233 | 45.41 34 | 36.1 6 603 | 36.4 
Evil L, 177 | 18.8 39 | [2.0] 109 | 21.2 17 ee 4 346 | 18.5 
i ae 88 9.3 35 | 10.7 56 | 10.9 5 5.3 2 186] 09.8 
ree 68 7.2 20 8.9 30 5.8 5 5.3 I 133 7.0 
Saline 38 4.0 2I 6.5 19 Nf 4 4.2 2 84 4-4 
Gerri. 31 Sis 12 3.8 17 3.3 I I.I I 62 3-3 
Firs cient 27 2.9 II 3.4 9 1.7 4 4.2 51 2.3 
Be hed 2I a:2 8 2.5 8 1.5 3 3:3 40 2.1 
Go teye< 14 1.5 5 1.5 5 1.0 I I.1 25 3.3 
RO wrere er 17 1.8 2 <0 3 .6 ¥ Tce 23 1.2 
TEC h ent It 1.2 6 1.8 6 I.I I I.I 24 Pek 
TAiuiido Bs 8 9 5 Les 2 4 I LE 16 8 
: i en 6 6 7 2.1 2 4 I it 16 8 
Di veter 6. 5 5 4 Tag 2 4 I Ea% 12 6 
Pon ena 1s 1.6 4 rg I a 20 be 
16 to 20 Phi 2.2 9 2.8 5 I.0 3 3.2 I 39 2.1 
21 to 25 13 1.4 5 1.5 Tt $2 2 2.1 21 Lz 
26 to 30 9 me) 9 2.8 I oa 3 3.8 22 1.2 
31 to 35. 6 6 4 riz 2 2.1 12 6 
36 to 40. 10 Tet 4 he I a 2 252 17 Xe) 
41 to 50 5 (S 4 Te I 10 “S 
51 to75 8 9 6 1.8 14 Es / 
76 to 100 2 ej 3 9 I 2 rE rt 7 4 
Over roo] 15 1.6 3 9 3 6 2 Eh 23 1.2 
No Data} 11 6 I 2 bce) 30 


Aq 
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TABLE NO. 2—Concluded 


NUMBER OF SPRINKLERS OPERATING 
IgIO—1923 


Total. 


nD 
e No 

Wow Ue [Scol. | “Ye | Pure) % g % j Total.| % 
ra 


3165] 32.0 | I112]| 28.8 | 1736] 49.6] 305 | 31.8 37 6355] 34.5 
1704] 17.2 | 629} 16.3 | 732] 20.9| 164 | 17.1 27 3256] 17.6 
934] 9-4] 373] 9.6] 329] 9.4] 85 | 88] 16] 1737] 9.4 
W438) 7-5 | 3001 7-0] TOOT 5:7 | “G4 | “6.7 1 3 |” 1325\" yaa 
453| 4-6| 180] 4.7] 105] 3.0] 40] 4.2 9 787| 4.3 
374, 3-8] 177] 4.6] 70] 2.0] 33] 3.4 9 663) 3.6 
273| 2.7 II3| 2.9 49| 1.4 30 3.1 F 472| 2.6 
266| 2.7 104] 2.7 31 9 23 2.4 6 430} 2.3 
EVar 27 65| 1.6 25 7 19 2.0 3 285| 1.6 
167| 1.7 57 1.4 23 7 II E.2 3 261| 1.4 
106} I.1 51 1.3 20 6 10 1.0 2 189| 1.0 
146] 1.5 71 1.8 16 5 9 9 5 247|. 1.4 
83 8 43 I.I 9 2 II 1.2 2 148 8 
94 9 35 9 13 4 8 8 2 152 8 
77 8 49} 1.3 10 3 8 8 L 145 8 
275| 2.8 110 2.8 27 8 39 4.1 4 455| 2.5 
I9I} 1.9 76| 2.0 16 5 22 2.3 8 SIZ SE7 
I2Ij 1.2 Sy7an £.5 14 4 14 C25; I 207| 1.5 
715 8 AZ) 5% 8 2 10 1.0 4 140 8 
76 8 36 9 9 2 13 1.4 I 135 +7 
96| 1.0 2032 14 4 8 8 5 165 9 
EEX) 4.1 68 1.8 16 5 II I,2 4 210} 1.2 
61 6 2I J 5 I 4 4 4 95 5 
139] 1.4 53 I.4 2I 6 18 1.9 10 240). 
152 42 6 t2 23 235 

10055 3913 3503 971 206 | 18648 
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ADVERTISING SECTION 


The maintenance of existing plants, the improvement of existing 

plants, and the protection of new ones necessitate the purchase 
of materials, devices, equipment, and services of a considerable 
variety, and hence an advertising section has been found to be a 
great convenience in a handbook of fire protection. 
’ The organizations that set forth the merits of their products 
and services in the following pages are leaders in their field, and 
worthy of every confidence. The advertisers represented in this 
volume are: 


é PAGE 
Xerol slarin(Company;. 2... <5 28.0) tobe dos. i each oe eden 794 
American Abrasive Metals; Company: a.:1S¢..1es~> ib « a deen 821 
mxmenican District Pelezraph’ Compatiyss. acs. 4 aon « teres ode 7905 
mAmerican Fire Prevention Bureau) Iné.$.i22..) 8.4.29... 14% 7 
Associated Metal Lath Manufacturers................-..0e0- 812 
“ Automatic” Sprinkler Corporation of America.......... 768-71 
Badger Fire ‘Extinguisher Compamly....0...60...0....0.. J253 804 
Gement-Gun Company, sing anc . 328... dct. Leer ek . 1. ee 810 
@eninalhoundry; Company.) Lhes:o. <i... .4.ace teenth. tees 784-85 
Chicago Watchman’s Clock: Companys. .....2+:ts.sestsucucere 707 
Consolidated Expanded Metal Companies, The...............- 813 
Wcrsstornell (Companys... <seink ecashocu Oboes te ee cee 811 
ABT NCR COMPANY ..x Cw on caw Cun dete Reem ieee. ea nene 786-87 
Geo. W. Diener Manufacturing Company.................00- 805 
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AUTOMATIC SPRINKLER 
FIRE PROTECTION 


Its use the only solution of the problem of Fire 
Waste, equal in the United States to about $30,000 
every hour of each day, and estimated as 70 per 
cent preventable. 


Don’t put your faith in the term Fireproof, as no 
building should be so considered in which it is pos- 
sible for a Fire to Spread. 


In the first five minutes of any fire, one sprinkler 
can do more good than a fire department arriving 
twenty minutes later. 


The only known device that will fight a fire by 
operating Automatically, wherever and however it 
may start; that will pour water on the heart of the 
fire, and at the same time give an alarm, is the 


AUTOMATIC SPRINKLER 
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AUTOMATIC SPRINKLER 
FIRE PROTECTION 


— 


Automatic Sprinklers extinguish fire by out- 
witting it, while it is still small, before it can grow 
big. 
For over 25 years the installation of Automatic 
Sprinkler Fire Protection has been our exclusive 
business. 

Our devices represent the last word in depend- 
ability and betterment, and the Service we offer is 
exceeded by none. 


Sprinklers F alow Fire Until They Get It 


Ask for Booklet ‘THE PURSUIT OF 8AFETY” 


“Automatic” Sprinkler Corporation 


of America 
New York Offices: 123 Williams Street 


Department Offices in Large Cities 
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Sypho ee 2 


or the 


Service of Fire Protection 


It will bring Safety from Fire and con- 
tinuous operation to any property of 
normal hazard. 


It combines the best features of Auto- 
matic Sprinkler protection with the high 
pressure and efficiency of the chemical 
engine. 


Sypho Service is manufactured, installed 
and maintained as the best means of mak- 
ing industry immune from frre. 


We render a Service of Protection 


‘* Automatic’ Sprinkler Corporation of America 
123 William Street 
New York, N. Y. 
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Automatic Fire Door Release 


_ A Rate of Rise, Compensating Type of Device, Automatic 
in its Action. 


Revolutionary in the Art of Automatically Closing Fire 
Stops. 
Eliminates the possibility of fire passing through the fire 


opening. 
Write for Bulletin No. 11 


‘‘Automatic’’ Sprinkler Corpora- 


tion of America 


New York Offices: 123. Williams Street 
Department Offices in Larger Cities 
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AUTOMATIC SPRINKLER 
INSTALLATIONS | 


The best of sprinkler engineering, fully approved 
devices, and skilled workmanship distinguish .in- 
stallations of the Fire Protection Company. 


| K. M. E. SPRINKLER 


Our systems meet the requirements of all Stock 
and Mutual Insurance organizations. 


Approved Automatic Sprinklers, Open Spnnklers, 
Alarm Valves, and Dry Pipe Valves 


enable us to provide every form of sprinkler protection. 


Correspondence invited. 


FIRE PROTECTION COMPANY 


419 West 18th Street 
CHICAGO 


Fa 
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“Nowadays It’s Globe 
Automatic Sprinklers” 


In the selection of Automatic Sprink- 
lers for your service you should consider 
three essential features: 


Strength of fusible link. 


Reliability of operation or uniform- 
ity of fusing. 


Dependability of operation or abil- 
ity to operate even under unusual 
or severe conditions. 


In all of these points the Globe Sprink- 
lers show marked superiority over other improved types. 
Globe Sprinklers Accelerators 
Dry Valves Alarm Devices 


and other sprinkler equipment accessories are manufactured 
in our own factories and approved by all insurance interests. 


Pa 
SEAS. 
Ep Paks 
fe Yd ie eo 
Cf - ¥ rf ~ANS 
bs 
cf yo A iG | MS ~* vw 
Be, ee a M.S “ ‘ 
att ESET AS 


REG. U.S. PAT. OFF. 


Executive Offices—2035 Washington Ave., Philadelphia, Pa. 
Factories—Philadelphia, Pa.; Wheeling, W. Va. 


Sales and Engineering Offices: 


Atlanta Cincinnati Minneapolis Pittsburgh 
Baltimore Cleveland Newark, N. J. Portland, Ore. 
Boston Dallas New Orleans St. Louis 
Buffalo Grand Rapids New York San Francisco 
Charlotte, N.C. Los Angeles Omaha Seattle 
Chicago Memphis Philadelphia Syracuse 

26 
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HEADOUARTERS FOR AUTOMATIC 


FIRE PROTECTION 


For 43 years the Grinnell Company has been the recog- 
nized leader in the field of automatic fire protection. 


Today its position at the head of the industry is more 
clearly recognized than ever before, due to the advances 
it has recently made in the science of fire protection. 


On subsequent pages brief descriptions are given of 
some of the latest devices and service the Company has 
contributed to the greater safety of life and property in 
American industry. 


Important as are the mechanical elements of Grinnell 
superiority, they are in reality secondary to the complete 
engineering, manufacturing and installation organization 
that operates on a scale wide enough to assure a_unique 
service in every section of the United States and Canada. 


Sixty engineering offices; five large fabricating plants at 
strategic centers; 42 resident foremen and 130 construc- 
tion foremen supervising a normal road force of 1300 men; 
a large testing and experimental laboratory. These are 
the elements which, combined with the recognized super- 
iority of Grinnell devices, place the Company firmly at 
the forefront of the industry. 


If it’s fire protection, you can bring your problem to us 
with the certain knowledge that it will be solved by an 
organization that for nearly half a century has specialized 
in all that relates to the automatic extinguishment of fire. 


Executive Offices Providence, R. I. 
Branch Offices in all Principal Cities in U.S. and Canada 


Advertisers 


GRINNELL SILICA BULB 
SPRINKLER | 


In submitting the Grinnell Silica Bulb head 
to the Underwriters’ Laboratories for approval 
we made the following claims. 


1. Its lower operating point (130 to 145 
deg. F) will insure prompter operation 
in a fire. 


2. The method of its operation as compared 
with the gradual weakening of the 
solder link sprinkler on rise of tempera- 
ture results in a greater factor of safety 
at normal temperatures. 


. The thermally responsive element ig 
absolutely immune to all corrosive in- 
fluences, with the exception of hydro- 
fluoric acid, which acts on silica much 
more slowly than on glass. 


w 


4. The vigorous bursting action of the bulb 
makes the sprinkler reliable under all 
reasonable conditions of loading. 


5. The condition of the sprinkler with 
respect to the performance of its de- 
signed function can be positively 
ascertained by inspection. 


ALL OF THESE CLAIMS WERE ALLOWED 


Executive Offices Providence, R. I. 
Branch Offices in all Principal Cities in U.S, and Canada 
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GRINNELL 
BoostErR Pump 
SPRINKLER SYSTEM 


New, electrically driven, supervised centrifugal pump, 
draughting from city mains. 


Makes tank supplies unnecessary 


Provides continuous high pressure service 


Secures constant supervision through central 
station service 


These three factors combined make this new develop- 
ment one which eventually must greatly extend automatic 
fire protection in the many cities where water pressures 
are now entirely inadequate to the needs of efficient 
sprinkler protection. Hundreds of buildings structurally 
incapable of supporting tanks may now be economically 
sprinklered. If tanks have bothered you, investigate this 


Booster Pump System. 


€;) COMPANY 


Exeortive Offices Providence, R. I. 
Branch Offices in all Principal Cities in U. S. and Canada 
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GRINNELL DRY-PIPE VALVE 
ACCELERATOR 


N. F. P. A. figures indicate that the general use of this 
remarkable device would save at least $1000.00 on the 
average in every dry system fire. 


Send for special bulletin which describes the accelerator 
in detail and shows why every dry sprinkler system should 
- be so equipped. 


GRINNELL 
INSPECTION AND SERVICE 


Grinnell Company has a force of trained inspectors with head- 
quarters in most of the larger cities in this country and Canada. 
These men are available to owners of Grinnell sprinkler systems for 
engineering service and advice. 

Grinnell Inspection Service provides a thorough and periodic exam- 
ination of the sprinkler system and a detailed report is rendered to 
the property owner. A small annual fee is charged for such service to 
cover the cost of this work. 

Many owners of Grinnell equipments will testify that this service 
has been of great value to them in improving the condition of their 
sprinkler system, both from a fire protection and a mechanical stand- 
point. 

A sprinkler system safeguards life and property when maintained 
in good working order. Grinnell Inspection Service assists the owner 
of such a system in securing 100% efficiency. 


Send for our booklet, ‘‘ A Stitch in Time.” 


Executive Offices Providence, R. I. 
Branch Offices in all Principal Cities in U. 5S. and Canada 
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Rockwood Automatic 


Sprinkler Systems 


Rocxwoop Tyre D SprRINKLER HEADS 


Rocxwoop StraicHt Way Dry PIPE 
VALVES 


Rockwoop VARIABLE PRESSURE ALARM 
VALVES 


Rockwoop WaTeER Morors, Goncs AND 
Hoops 


Rocxkwoop Circuit CLOSERS 


Rocxwoop FusisLE Fire Door LINKs 


Rockwoop Sicut DRAINS 


Manufactured and Installed by 


ROCKWOOD SPRINKLER CO. 


Executive Office and Factory—WorcesTER, Mass. 
_ Branch Offices in all Principal Cities 


Sole Agents for Canada 
Worcester Fire ExtTincuisHer Company, Lp. 
Montreat; P* Q. 
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Other Rockwood Products 


PressED METAL 


Rocxkwoop PrREssep STEEL PieE UNIons 


Rockwoop PREssEpD. STEEL MACHINE 
HANDLES 


Rockwoop ApJUSTABLE PipE HANGERS 
WorceEsTER Pipe HANGERS 


ConcrRETE INsERT Biocks anp Nuts 


PrEssED STEEL STOVE CAPS 


STAMPINGS TO ORDER 


ROCKWOOD SPRINKLER CO. 


PressepD Metat DEPARTMENT 


Office and Factory 
WorcesTER, MAssAcHUSETTS 
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The Phillips Company 


Established in 1905 


Automatic Sprinklers 


Contractors and Engineers 


NOTE:—We specialize in supplying 
automatic sprinklers—terms distribu- 
ting the cost over a period of years te 
permit the insurance reduction (from 
40% to 90%) to substantially liqui- 


date the transaction. 


The Phillips Company 


108 S. LaSalle St. Chicago, Ill. 
Phone: Franklin 4571 
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SAFEGUARD YOUR ASSETS 
FROM FIRE WITHOUT DISTURB- 
ING WORKING CAPITAL 


Any business is worth more than the replacement value 
of the buildings, machinery ahd goods that make it up. This 
non-tangible value can’t be covered by a fire insurance policy. 
Yet fire may destroy it just as effectually as it does the build- 
ings, machinery and stocks you can and do insure. 


Automatic Sprinklers are everywhere recognized as the 
surest protection against fire loss of every kind. One reason 


_ why such protection is not installed everywhere is that nearly 


every thriving business needs all of its working capital in 
the ordinary development of its trade and does not feel like 
cutting into working capital to finance the vitally needed 
fire protection system. 


This situation, plus the fact that a sprinkler system re- 
duces insurance cost 50 to 90%, has made our plan of deferred 
payment sprinkler installation unusually popular, particu- 
larly among large concerns where working capital require- 
ments are heavy. 


By this plan we pay cash for the sprinkler system in- 
stalled in your plant. You reimburse us through annual 
payments over a three, four or five year period. Usually 
the insurance savings go far towards meeting these payments, 
often taking care of them altogether. Thus you get the 
protection your business needs without disturbing your 
working capital. In many cases you make no expenditure 
at all except the savings the equipment makes for you. 


Insurance is a fixed and necessary expense. Our plan 
converts that expense into a fixed asset. 


Write us for a definite proposition on your plant 


U. S. CONSTRUCTION COMPANY 
PROVIDENCE NEW YORK CITY 
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PRESSURE GAUGES 


FOR 


SPRINKLER SYSTEMS 


The U. S. Gauge for Sprinkler Systems is con- 
structed as per requirements of both Factory 
Mutual and Underwriters’ Laboratories and is so 
listed. It is especially designed for use on both 
wet and dry pipe systems. Manufactured only in 
the Cast Brass Case 414" size. Furnished with 
or without flange on case and with flare or beaded 
ring. Standard calibrations are 100, 250, and 500 
pounds. 


U. S. GAUGE CO. NEW YORK 


CHICAGO NEW ORLEANS PHILADELPHIA 
BOSTON SAN FRANCISCO MONTREAL 
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ESTY 


Automatic Sprinklers 


Approved By All Insurance Gompanies 


Two Thirds Size 


Installed By 


H. G. VOGEL CO. 


Established 1895 


Executive Offices 


15 West 37th Street New York 
BRANCH OFFICES 
GHICAGO BOSTON CINCINNATI 
PHILADELPHIA BUFFALO MONTREAL 
Factory Plant 


LACONIA, N. H. LINDEN, N. J. 
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No Lead No bell 

No Pouring holes 
that Makes . 

No Calking its Own Joints to dig 


UNIVERSAL 
CAST IRON PIPE 


FOR FIRE PROTECTION SYSTEMS 


Approved by Underwriters Laboratories 
Since 1916 


Universal Pipe can be laid in narrow trenches 
and under water. 6-foot lengths are conven- 
ient to handle. Machined hub and spigot 
joints stay tight. 


Illustrated Booklets Featuring 
Pipe and Fittings upon Request 


Write nearest office 
CENTRAL FOUNDRY CO. 
41 East 42nd St., New York 


Chicago Birmingham Dallas San Francisco 


Advertisers 785 


2 TAPER 
HUB (Female) END 


PIPE, AND JOINT 
ARE ‘ONE?’ 


Experienced 
labor 
unnecessary 


Wrenches 
the only tools 


Valves and hy- 
drants of the best 
known makes are 
obtainable with the 
Universal Pipe 
machined joint con- 
nection. 


UNIVERSAL CAST IRON PIPE 
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CRANE VALVES 


designed in accordance with the 
rules and regulations of the 


National 
Fire 
Protec- 

tion 
Associa- 
tion 


Catalogue No. 
51 Contains 
Much Addi- 
tional Infor- 
NO. 510. INDICATOR mation. Free 

: é on request. 0°. 467 IRON GATE 
Boss nOnner. yr a VALVE 0.S. & Y. RISING 
LENGTH TO SUIT ANY ey enet cel eae 
BURY. 


CRANE CoO. 


Founded by R. T. Crane in 1855 
836 South Michigan Avenue 
Chicago 


Branches in more than 100 Cities 


Works: Chicago and Bridgeport 


Advertisers 787 


CRANE VALVES 


For Every Fire 
Protection Need 


NO. 375 CLEARWAY 
SWING CHECK VALVE 
244” TO 12”. BRASS 
OR LEATHER FACED 
DISC AS SPECIFIED. 


NO. 459 BRASS GATE 
No. 453 BRASS HOSE 


VALVE. O. 5. &, Y. 
RISING STEM GATE VALVE FOR 
4%’ T0244” STANDPIPES, HY- 
DRANTS AND PUMPS 
144” AND 24” 


CRANE CoO. 


Founded by R. T. Crane in 1855 
836 South Michigan Avenue 
Chicago 


Branches in more than 100 Cities 
Works: Chicago and Bridgeport 
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EDDY VALVE CO. 
WATERFORD, N. Y. 


Manufacturers of 


Fire Hydrants, Gate Valves, Check Valves, Foot 
Valves, Indicator Posts, Etc. 
Eddy Fire Hydrants have the following points of superiority 


No digging is necessary, for by taking off the cover one man can 
easily remove the working parts from the standpipe. 

No derrick or hoist is required to take the Hydrant apart, nor is a 
special wrench necessary. 

A damaged valve can be replaced by one man in a few minutes and 
at slight expense. 

If the cover should be removed or the standpipe should be broken, 
no loss or damage can occur due to water escaping, as the valve is held 
in position from the bottom. 


There is a large water way around the Valve when it is opened, and 
for this reason the maximum efficiency is obtained with this Hydrant 
under fire conditions. 

Water hammer is avoided by the Valve closing against the pressure 
and the use of the cut-off under the Valve, which gradually closes it. 

Hydrant Stems cannot be bent while using them, as the lower end 
engages in a threaded nut in the bottom of the Hydrant, and it is simply 
a case of tension and torsion. 

Valve Rubbers are of a quality best adapted for the purpose. 


The Bronze Valve Seat is slightly tapering, thus nothing can lodge on 
it to prevent closing of the Valve. 


Frictional loss is reduced to a minimum. 


The Drip Rod is at the side of the Hydrant standpipeand independ- 
ent of the stem. It can readily be adjusted and can as easily be re- 
moved from the standpipe with the main valve closed, without shutting 
off the water in the street. 


The Drip is automatic and positive in its action, and drains all the 
water from the standpipe. 


With no water in the standpipe, it cannot freeze. 


_ The opening and closing of the Hydrant Valve causes the stem to 
raise or lower, thus INDICATING the position of the Valve at all times. 


The Hydrant is thoroughly bronze mounted at all bearing parts, 
efficient, durable, simple in construction and free from the need of costly 
repairs to keepit in order. 


For flushing purposes it has no equal. Whatever can pass the Valve 
opening will pass out of the standpipe. 


No Frost Case is necessary. 
EDDY FOR LONG SERVICE 
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FISHER 


The FISHER Type No. 1 Pump 
Governor has been tested and ap- 
proved and is listed as standard by 
the Underwriters’ Laboratories. The 
best recommendation for it is the 
service record established in years of 
continuous use. Simple in construc- 
tion and operation it automatically 
supplies the correct amount of steam 
to the pump to maintain the set dis- 
charge pressure on the service lines. 


TYPE 33 


Dry steam is needed for best operation of your 
pump. Remove all condensation by using the 
| FISHER Type 33 steam trap. 

FISHER on a power plant 
specialty means SERVICE. 


Our agent in your territory 
will explain these and our 
many other types to you. 

Write us for his name or let 
us know what your control 
problem is. 


The Fisher Governor Co. 
33 Fisher Ave. Marshalltown, Iowa 
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APPROVAL 
HERSEY DETECTOR METER 


The Hersey Detector Meter has been 
accepted for sixteen years in 3", 4", 6", 
8", 10” and 12" sizes without any 
restrictions or conditions of any kind 
by every Insurance Company, Stock and 
Mutual, doing business in the United 
States, and by the Water Departments 
and Water Companies in more than 800 
Cities and Towns for use on over 6000 
Fire Services protecting over 
$2,000,000,000 worth of property. 


HERSEY MFG. COMPANY 
Main Office and Works: South Boston, Mass. 


Branches 
New York, N. Y. 290 Broadway 
Philadelphia, Pa. 314 Commercial Trust Bldg. 
Columbus, Ohio 211 Schultz Bldg. 
Chicago, Ill. 10 South La Salle St. 
Atlanta, Ga. 610 Citizens and Southern Bank Bldg. 
San Francisco, Calif. 742 Market St. 
Los Angeles, Calif. 218 East Third St. 


“ALL KINDS OF METERS 
FOR ALL KINDS OF SERVICES” 
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KENNEDY 
Valves and Hydrants 


AN 


| 


for fire protection 


Outside rising stem and yoke valves for 
sprinkler systems, indicator post valves, 
hose gate valves, check valves, and hydrants 
made in accordance with specifications of 
Associated Factory Mutual Insurance Com- 
panies, National Board of Fire Underwrit- 
ers, National Fire Protective Association, 
and bear the letters “F. M.” 


Send for Catalog 


THe KENNEDY VALVE 
Mec. Co. ExzurRa, NY. 


New York, Boston, Chicago, San Francisco 
El Paso, SaltLake City, Seattle 


Fig. 54 Fig. 68 
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TRIDENT-PROTECTUS 


Fire Service Meters 
The First and Only Fire Service Meter 


APPROVED 


By the 
UNDERWRITERS’ LABORATORIES 


wid 


Made in 3”, 4”, 6”, 8” and 10” sizes, and designed to 
“ ’ ; ’ S ’ 
meet the following requirements: 


Water Works Officials—Accuracy on all flows. 
Underwriters—Low loss of head and reliability of operating. 


On thousands of Fire Service Meters large quantities of 
water used daily make extreme accuracy on all flows essential. 
The Trident Protectus Fire Service Meter marks a distinct 
improvement over any other type of Fire Service Meter in 
this important feature of accuracy of registration on all flows. 
The Underwriters’ requirements for low loss of head or min- 
imum obstruction to flow and reliability of operation has been 
thoroughly and satisfactorily met. Loss of Head Charts fur- 
nished on request. 


Advertisers ; 793 


a 


To illustrate: Friction loss in a 6’ Trident Protectus Meter 
averages 2 pounds from 25 to 1500 gallons per minute, with a 
maximum at the change over point of 4 pounds. 

All parts of the meter are contained in a single cast tron 
housing, built to meet the Underwriters’ requirements of 
seven hundred and fifty pounds per square inch pressure. 
The low flows are measured through a standard Trident Disc 
type positive displacement meter while the large, or fire service 
flows, are measured through a standard Trident Crest Turbine 
type meter. Both of these meters are equipped with the 
Standard Trident oil enclosed gear train, thus eliminating 
corrosion and wear and ensuring freedom from repairs. 

The Protectus is the only fire service or other type of meter 
which provides an unobstructed, full waterway of the same 
size as the pipe line on which it is installed, thus providing a 
meter with practically no loss of head and a maximum of 
capacity. 


DIMENSIONS OF METERS 


v=) =) wy |e oS = +n od 

= G = Foie} ‘ 
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3" flange | 212” | 27%” | 64%” | 227’ 703, | Full 


4" flange | 244” | 3134” | 673” | 24” 932 | Ca- 


6” flange | 272” | 363” | 84%” | 29” | 1,470 | pacity 


M2n W205 5o pees 


503” | 98%” | 384” | 3,100 | Pipe. 


8’ flange | 31 41?” | 90 


10” flange | 372 


NEPTUNE METER COMPANY 


Trident Water Meters, Weber Subterranean Pumps 
50 East 42nd Street, New York City 


Branches: Atlanta, Chicago, Boston, Denver, Portland, 
St. Louis, Cincinnati, Los Angeles, San Francisco 


Factories: Long Island City, N. Y., and Toronto, Ont. 


794 Handbook of Fire Protection 


/a\ ERO 
[AUTOMATIC FIRE ALAR! 


~tha Watchman that never sleeps! 
APPROVED-BY NATIONAL BOARD OF FIRE UNDERWRITERS 


f/ 
;PNEUMATIC: COMPENSATING VALVE: 
\ -ADJUSTABLE- FOR. ALL RANGES 


DoupLe:- DETECTOR UNIT 


(Note THE DUPLICATE ARRANGEMENT 
“OF DETECTOR: DiaPHRAGMS- INSURING 
RELIABILITY) 


-OF TEMPERATURE 


AiR CHAMBER 


ADJUSTABLE: CONTACT ScREW: 
*CLOSING-ELecTRic CiecuIT 
‘AcTUATING: ALARM ON: 


“EXPANSION: OF DiaPHRAGM- 


~TLEXIBLE DIAPHRAGMS: 
‘AFFECTED: BY INCREASE 
OF AIR PRESSURE IN: 
DETECTOR TUBING: 


Aero is Standard All Over the United States for 
Automatic Fire Alarm Service. 


AERO automatically detects and reports a fire the instant it breaks 
out. (Air in the tubing expands when heated and starts the alarm). 

Many thousands of buildings now equipped. 

Used extensively by the United States Government for protecting 
Base Hospitals and Warehouses. 

he finest passenger ships on the Atlantic and Pacific, as well as the 

Great Lakes, have installed this System. 

Every AERO installation is tested and maintained by expert service 
men located in all the principal cities of tne United States. This expert 
service is the best guarantee of continuous reliability. 


Sold by Exclusive Marine Agents 
American District Telegraph Company Chas. Cory & Sons 
Offices in all principal Cities Cory Building 
Executive Offices: 183 Varick St. New York City 
New York City, N. Y. Ney, 


AERO ALARM COMPANY 


SEATTLE, WASH. NEW YORK CITY, N.Y. 
White Building. 


26 Cortland Street. 
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FIRE PROTECTION 


Will prevent loss to your Property and Business by 
Fire and Water. Reduce your Insurance Costs 


ADT SYSTEM 


Our Central Stations are directly 
connected to Fire Headquarters. 
Apparatus and Systems ap- 
proved by the Underwriters’ 


Laboratories. 


Night Watchman Supervision, combining Manual 
Fire Alarm Service. 


Watchman’s Compulsory Tour System, combining 
Manual Fire Alarm Service. 


Manual Fire Alarm Service. 
Automatic Fire Alarm Service. 


Automatic Sprinkler Supervision, combining Man- 
ual Fire Alarm Service. 


We protect over $25,000,000,000 
of insurable value. We supervise 
5,700,000 Sprinkler Heads. 


115 Offices 20,000 Subscribers 


American District Telegraph Company 
183 Varick Street 


New York City 
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Approved by the Underwriters’ Laboratories and the Fire Dept. of NewiYork City 


The Derby Fire Sentinel, or fire detector, is simple in construction, 
having no moving parts; requires no adjustment and is not subject to 
derangement or false alarms from abuse, corrosive vapors or atmospheric 
influences. 

The Derby Fire Sentinel is sensitive, owing to the form in which the 
solder is made and the heat conductivity of the bronze case. Ina standard 
sprinkler test oven it operates in one-fourth the time required to open an 
approved automatic sprinkler. 

The Derby Fire Sentinels are preferably wired on a closed circuit 
system, so any derangement of the circuit will instantly give a trouble 
alarm (distinctive from the fire signal). Upon the operation of a Sentinel, 
fixed resistance is cut out of the circuit, thereby causing the transmitters 
and local fire gongs to operate. Sentinels are used on wiring systems 
a oe primary, storage or public service energy up to I10 volts, D.C. 
or A.C. 

Derby Fire Sentinels are installed in office buildings, hotels, hospitals, 
schools, museums, libraries, in private dwellings and in ships, in low hazard 
mercantile buildings and for operating Fire Foam Systems. 

Patented in the United States, Canada, England and France. Other 
patents pending. 


DERBY ELECTRIC RELEASE 


Approved by the Underwriters’ Laboratories and the Fire Dept. of New York City 
For closing fire doors, stair and elevator traps and dip tank covers, 
for opening theater ventilators and dropping theater fire curtains and for 
shutting down conveyor systems, hot air blower and exhaust systems and 
engines; also for operating quick opening or closing valves. 
It may be operated by one or more of the following methods: 
1. By opening of a sprinkler head (sprinkler alarm valve operates 
electric circuit closer) ; 
2. By operation of automatic fire alarm system; 
3. By operation of private manual fire alarm system; 
4. By operation of a manual switch. 
It is designed to sustain a load or pull of 50 lbs. 


Best Approved Device For Closing Fire Doors Because : 


1. It does not wait until the heat reaches the door. The Release 
will close the fire door as soon as a sprinkler head or thermostat operates 
in any part of the fire section. 

2. Itis a simple device, built on proper mechanical lines. 


Patented in the United States and Canada. Other patents pending. 


$$$ $$ Ee 
AMERICAN FIRE PREVENTION BUREAU, Inc. 


| 
“Conduit Type” 
2 DERBY FIRE SENTINEL 
1 Madison Avenue New York City 


Advertisers 997 


THE WATCHMAN’S CLOCK - 


FOR SERVICE 


“THE CHICAGO” 


APPROVED PORTABLE 


The movement, 8-day, stem- 
wind, 15-jeweled is the finest 
product of the famous Waltham 
Watch Company, made espe- 
cially for this clock. The con- 
tainer case is jar-proof and dust- 
5a proof. The registering mechan- 
ism as frictionless key action assures an always 
perfect registration. The lock stations make it 
available for either in-door or out-door patrol 


*. 


service. 


Write for catalogue 


aS 
CHICAGO WATCHMAN’S CLOCK CO. 
1526 S. Wabash Avenue 9 Church Street 
CHICAGO NEW YORK 
1421 Connecticut Street 25 Minna Street 
LOS ANGELES SAN FRANCISCO 


276 Marietta Street 
ATLANTA . 
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Eco Electric and Portable Watchman’s 
Clock Systems 


Approved and Labeled by Underwriters Laboratories 


Electric Long Life Sys- 
tems in 6 to 60 station 
sizes. Tampering with- 
out detection impossible. 
Easily installed. Forty- 
eight-hour dials over 
week ends. 


Portable clocks are rug- 
ged in construction, re- 
liable in operation, and 
dust- and tamper-proof. 
Six to thirty station 
sizes. Twelve or twenty- 
four hourdials as desired. 


Literature on request. 
Give real protection and 
PORTABLE CLOCK peace of mind to users. 


ECO CLOCK COMPANY 
Established 1887 


Executive Office: 197 Congress Street, Boston, Mass. 
26 Cortlandt Street, New York 


Branches in Principal Cities listed in Telephone Books under 
BECO CLOCK COMPANY 


We are the only manufacturers of both portable and electric 
watch clocks 
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. REPORTS 
INSTANTLY 


REGISTERED TRADE MARK 


Fire Detection Service 


The field experience (dating from 1914) of Fire De- 
tection Service (Reichel System) has set a standard 
for fire protection by signaling systems. This has been 
accomplished by sound fundamental scientific princi- 
ples of Thermopiles as fire detectors installed with 
highest grade materials, backed up by unrelenting per- 
sistence in efficient maintenance and operation de- 
tails. 

Fire Detection Service (Reichel System) is the only 
approved, compensating, or Rate-of-Rise of temper- 
ature alarm or fire detecting system commercially avail- 
able in the United States in which all fire detector cir- 
cuits are under constant electrical test. 


Devices not sold outright but installation made only 
by lease contract where operation can be supervised 
either by an approved Central Station, or by this com- 
pany’s organization when systems are connected as an 
auxiliary to Municipal Fire Alarm Systems. 


FIRE DETECTION SERVICE 


General Offices—440 Howard Street, San Francisco 
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FIRE ALARM SYSTEMS 


1. Complete systems independent of the city fire 
alarm system for large industrial plants having 
their own fire brigades. 


2. Auxiliary systems (Shunt Type) which make 
it possible to send alarm to city fire department 
from any part of your factory. No local battery. 


3. Combined systems for summoning the city fire 
department at the same time that the local plant 
brigade is notified. 


| Our Industrial Engineers will be pleased to give 
| you the benefit of the knowledge we have accumu- 
lated the past fifty years in installing such systems. 


THE GAMEWELL COMPANY 


Newton Upper Falls, Massachusetts 
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CAUTION AND DANGER SIGNS 


To Aid FIRE and ACCIDENT PREVENTION 


We carry in stock or make on short notice signs to meet every 
need: A full line of electrical signs, on fibre where voltages are 
high; signs for cleanliness and order, no smoking, exits, haz- 
ardous materials, location of fire apparatus, use of matches, 
closing of firedoors, etc. Tell us your needs. 


Literature upon request 


SIGN Siuinc. 


STIMUUEE LUM. 840 LAME ST LENVER LUD UGA 


‘The Standard’”’ 
Portable Watchman’s Clock 


Over 89,000 in use. 
Approved and labeled by 
the Underwriters Labor- 
atories and the Associated 
Factory Mutual Fire In- 
surance Companies. 


Will allow very liberal 
discount or commission 
to parties who wish to 
handle these clocks. Write 
for circular giving full 
information and prices. 


E. O. HAUSBURG 
51 Maiden Lane New York 


802 Handbook of Fire Protection 


ae 


BUSINESS ESTABLISHED 


SIGNALING AND PROTECTIVE 
SYSTEMS 


Fire Alarm 
Fire and Watch 
Watchman’s Recording 
Telephone 
Factory Call 


Simple, safe, and reliable Signaling and Protective 
systems have been manufactured over a period of 
40 years by the Holtzer-Cabot Electric Company and 
are invariably specified by the leading architects and 
engineers of the country. 


Industrial engineers are requested to send for 
descriptive literature 


The Holtzer-Cabot Electric Co. 


Home Office and Factory 
125 Amory Street, Boston Mass. 


Branch Offices 


Chicago, Ill., 6161-65 So. State St., 
New York, N. Y., 101 Park Ave., 
Philadelphia, Pa., 807 Otis Bldg. 
Detroit, Mich., 1051 Book Bldg. 
Cleveland, O., 517 Union Bldg. 
Baltimore, Md., 1104 Union Trust Bldg. 
Minneapolis, Minn., 627 Metropolitan Life Bldg. 
Atlanta, Ga., 1511 Healey Bldg. 
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NEWMAN WATCHMAN'S CLOCKS 


“A Positive Check on Human Fallibility ’’ 


Labeled by Underwriters Laboratories and accepted as Standard by all 
insurance interests 


The Newman Clock 
Open in grille pouch 


The Newman System equipped the watchman with a portable 
watch-clock which must be carried in rotation to patrol 
stations on every hourly inspection round, each having a 
key which when inserted and turned in the clock registers on 
a paper dial therein the distinctive number of that station 
and the exact time at which it was visited. 

Outfits complete consist of the watch, leather pouch with 
carrying strap, station boxes with marking keys attached, 
seals and one year’s supply of paper dials. 

Newman Grille Watch-clocks are manufactured in the follow- 
ing standard sizes; 6, 9, 12, 16, 20, 25, and 30 stations. 
Weight ranges from 21% to 344 lbs. 


NEWMAN CLOCK COMPANY, Inc. 
Founded in 1872 
428 Broadway 440 Howard Street 565 W. Washington Blvd. 
NEW YORK, N. Y. SAN FRANCISCO, CAL. CHICAGO, ILL. 


Associated Companies 
Newman-Munderloh Clock Co., Ltd., 51 Victoria Sq., Montreal, Canada 
Newman Clock Co., Ltd., 2 Whitechapel Road, London, England 
C. E. Carpenter Co., S. A., 57 Rue du Richelieu, Paris (ze), France 
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BADGER’S 
Chemical Fire Apparatus 


Built under the supervision of 
the Underwriters’ Laboratories 


Warehouse Type 
33-Gallon Engine for 
use inside buildings 


Strongly built and absolutely proof 
against corrosion. They are lined 
with sheet lead about }¢ inch thick 
thoroughly attached to steel shell. 

| Every ‘‘Badger’ Engine is tested 
to 350-Ibs. cold water pressure. 

Carries 50 feet of hose and will 

throw stream 75 feet beyond nozzle. 


TRUCK TYPE OF 
Chemical 
Fire 
Engine 


33 gallon for 
outdoor use 


Also 214 Gal. Hand Chemical Fire Extinguisher 
MANUFACTURED BY 
Badger Fire Extinguisher Co. 
175 Portland St., Boston, Mass., U. S. A. 
NEW YORK OFFICE 123 William Street 
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EXCELSIOR CANS 

1 Bale 20’’x28/’x36’’ Each $20.00 

2 Bale 20’’x52’’x36” ‘*€ 30.00 

3 Bale 40’x52’’x36” ets 50.00 
Made also with fusible links and casters 
at additional cost. 


2} Gallon SAFETY CANS 
Chemical Extinguisher Size Each , $i 60 ie 
$18.00 Each ; oe is 79 Non-Freeze Charge 
ua : 
2 Ouart 2'50 $2.00 each 
1 Gallon 3.00 ———_ 
2 Gallon 3.50 
- — 4.50 
WASTE CANS 10 Gallon 3:30 


No. Capacity List Each 
11 6 Gal. $ 3.00 
0 


>” 
D\ 


il 
APPROVED PROTECTION AND PREVENTION APPARATUS 
Manufactured by 


Geo. W. Diener Mfs. Co., Chicago, III. 


Discounts quoted to Agents, Jobbers and Dealers. 


27 
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REAL PROTECTION MEANS 


the right extinguisher 
in the right place 


Hotel, factory, office building—they may be 
equipped with fire extinguishers—plenty of them 
—but the point is—will these extinguishers check 
a fire? 

Fire protection does not merely consist of 
buying extinguishers, of one type or another, and 
hanging them on the wall. 

In such haphazard protection the fire risk may 
be almost as great as if you had not a single 
extinguisher in your building. 

Real protection means: the right extinguisher 
in the right place. 

It’s not a problem for guesswork—a fire is too 
serious a matter. It’s a job for specialized 
engineers to tackle. 

And that’s the real strength of the Foamite- 
Childs Corporation. When you buy Foamite- 
Childs fire protection you are buying more than 
just an extinguisher or an extinguishing system— 
you are getting, too, the specialized knowledge 
and experience of the Foamite-Childs fire pro- 
tection engineers. 

You know that you are getting from Foamite- 
Childs men the type of extinguisher best fitted 
in every way to protect you from fires. 

You know that you have received expert, un- 
biased advise on the placing of this apparatus at 
the most strategic points. 

The Foamite-Childs Corporation is the leading 
organization manufacturing fire apparatus and 
functioning in a complete way, in the capacity of 
fire protection engineers. 

As manufacturers of all types of fire extin- 
guishers and apparatus, Foamite-Childs men are 
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not interested in selling one type rather than 
another. 


We are only anxious for you to get those ex- 
tinguishers or engines which will give you the 
greatest possible protection. 

There is a Foamite-Childs product for every 
fire protection purpose requiring chemical equip- 
ment: = 

“FOAMITE” hand fire extinguishers, portable 
engines on wheels, systems for the extra-hazardous 
risks, indoors and outdoors, 9n landand sea. Ex- 
clusively a  Foamite-Cnilds development. 
“Smothers fire with Firefoam” 

“ CHILDS” Soda-and-acid extinguishers, port- 
able engines, and motorized equipment on vari- 
ous commercial truck chasses. (The standard for 
ordinary fire risks.) 

“FIRE GUN” Carbon-tetrachloride (pump 
gun type) hand extinguisher—1r qt., 1; qt., and 
1% qt. sizes. (For first-aid protection against 
small fires in your automobile, and live electrical 
risks.) 

*“ ALLWEATHER” Non-freezing extinguisher. 

Let the Foamite-Childs engineers work with 
you in specifying adequate fire protection for 


your plant. 


Foazite-Giilds Grporation 
ENGINEERS ««° MANUFACTURERS 
UTICA. NY. U.S.A. 
PATENTED IN UNITED STATES 
AND IN FOREIGN COUNTRIES 
PATENTS PENDING 


koamite-Giids Grporation 


Fire Protection Engineers and Manufacturers 
501 Turner St., 


Utica, N. Y., U.S. A. 


Sales and Engineering Representatives 
in the leading cities of all countries 
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PROTEX 
NON-FREEZING 


FIRE 


Protect your 
property twelve 
months of the 
y ear regardless 
of whether the 
temperature is 
40° below zero 
or 100° above, 
Operates by 
chemical re- 
action. 


Send for 
Information 


EXTINGUISHERS 


Overcomes the 
difficulties of 
freezing found 
in the ordinary 
soda and acid 
type which must 
never beexposed 
to temperatures 
below 40° above 
zero. 


Price 
$20.00 


Also Other Types of Approved Extinguishers and Engines 


Manufactured by 


PROTEX FIRE EXTINGUISHER CO. 


176 FEDERAL STREET 


BOSTON, MASS. 
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Wirt’s Plate AA Hose Station 
The most modern and economical method to care for linen 
fire hose is to put it on Wirt’s Racks in Wirt’s Steel Hose 


Cabinets. 
We make a specialty of and manufacture 


FIRE HOSE OUTFITS 
Reels, Racks, Carts 


and all types of Fire Fighting Equipment for buildings, 
factories, railroads and manufacturing plants. 
Send for our literature. 
Booklet J describes Hose Cabinets, Racks, Reels, Hose Valves, etc. 
Catalog A-21 describes Hose Carts, Reels, Hose House Equipment, 
Sundries, etc. 


WIRT & KNOX MFG. CO., 
PHILADELPHIA, PA. 


2309 York Street 
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Employs compressed air to force sand and cement 
under high velocity against a surface. The resul- 
tant material is called ‘‘gunite.” 


Underwriters Laboratories have given gunite 
exterior walls properly reinforced (two 2” slabs 
with 8” air space) a three hour rating, and given a 
2” solid interior wall (non-bearing) a one hour 
rating. Philadelphia was the first city to rate 
these constructions the equivalent of brick exterior 
walls and brick enclosures for vertical shafts. 


Gunite can be used to protect any structural 
member to any depth. It offers the only method 
effectively to repair structures damaged by fire, 
sea water, or other causes. 


Gunite has these chief advantages: Economical 
construction; imperviousness; very high resistance 
to fire; unaffected by gas or fumes; bonds perfectly 
to brick, tile, or concrete; twice the strength of 
ordinary concrete. 


The “‘Cement-Gun”’ is sold outright. Weactas © 


consultants on all forms of concrete construction 
and repair problems. Illustrated bulletin upon 
request. 


Cement-Gun Company, Inc. 
Allentown, Pa. 
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CORNELL--DERBY 


Non-Freezing 
Standpipe Fire Line System 


In response to the demand for a reli- 
able non-freezing and self-supervised 
standpipe fire line system for the 
protection of piers, train sheds, ware- 
houses and all unheated buildings, 
the W. G. Cornell Company, operat- 
ing under the Derby patents, offers 
the Cornell-Derby Non-Freezing 
Standpipe System. 


Detailed information regarding this 


system will be furnished on request. 


W. G. CORNELL COMPANY 
Everett Building New York 


Fire Protection 
- Plumbing Heating Lighting 
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One-Hour Rating for Metal 
Lath Protected Lumber 


The most important development since the introduc- 
tion of ‘‘fire-proof ’’ construction 


Underwriters’ Laboratories, November 8, 1922, announces 
a classification hitherto unrecognized in the protection of 
construction with wood structural supports. 


By the use of metal lath and plaster applied to walls and 
ceilings of ordinary wood construction the Laboratories’ 
engineers have found protection for periods greater than one 
hour and have accorded the remarkably high rating of one 
hour upon floors and bearing partitions so constructed. 


Considered in the light of fire statistics which show that 
ordinary lath and plaster or substitutes frequently fails in ten 
minutes or less, tremendous possibilities are now open for 
inaugurating a new era of fire-resistive frame construction. 


The following are positions in ordinary building construction where 
expanded metal lath and plaster on lumber joists and studs are particularly 
advantageous from a fire protection standpoint: 


Basement ceilings, especially over heating plants and fuel storage 
rooms, walls back of ranges in all types of buildings; walls and ceilings 
enclosing public halls or stairs and underside of stair carriages in flat and 
apartment buildings; division walls between apartments; ceilings around 
stairs and over stores when living quarters or public assembly are permitted 
above; and walls and ceilings of attached garages when built with lumber 
studs or joists. 


It is also especially recommended for floors, bearing partitions, and all 
other structural lumber (mill construction excepted) in public buildings 


such as banks, court buildings, churches, schools, hospitals, institutions, 
and hotels, and in factory or mercantile establishments over two stories high, 


Our Engineering Department will 


+ gladly supply full information 
Stops Fire NA 
Prevents Cracks Address 


Associated Metal Lath Manufacturers 
123 W. Madison Street Chicago, Illinois 
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For Protection Against 
Fire and Burglary 


STEELCRETE ARMORED VAULTS 


Federal Reserve 
Banks 


New York 
Jacksonville 
Nashville 
Oklahoma City 
New Orleans 


Steelcrete used with plaster is ideal for protection of structural 
steel and the construction of enclosures, partitions, and ceilings. 


For Protection Against 
Loss of Life and Limb 


STEELCRETE 
SAFETY GUARDS 


Write for the Machine Guard 
Hand book. Sent free on request. 


The Consolidated Expanded 
Metal Companies. 
Braddock, Pa. 


Pittsburgh Chicago 
New York Philadelphia 


= 


814 Handbook of Fire Protection 


The Kinnear Manufacturing Company 
20 Field Ave., Columbus Ohio 
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Steel Rolling Fire Door For Opening In Fire Wall 
Inspected and Labeled by The Underwriters’ Laboratories, Inc. 


Approval: Double doors, opening not exceeding 80 sq. ft. in area, 
nor 12 ft. in width or height. 


Description: Mounted on opposite faces of wall. 


Normal operation—Door is raised and lowered manually by 
means of a handle in the bottom of the curtain, fully counter- 
balanced so that operation is easy. 


Automatically closed in event of fire by fusible link. 
This door is not difficult to operate after it has automatically closed 
and can be easily raised. 

For elevator openings, a single door of similar construction with 
lighter gauge curtain is approved. 


SR RS | ORT LT 
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The Kinnear Manufacturing Company 
20 Field Ave., Columbus, Ohio 
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Steel Rolling Fire Door For Opening In Fire Wall 
Inspected and Labeled by The Underwriters’ Laboratories, Inc. 


Approval: Double doors, opening not exceeding ve sq. {t. in area, 
nor 12 ft. in width or height. 


Description: Mounted in opening. 
Normal operation—Door is raised and lowered manually by 
means of a handle inthe bottom of the curtain, fully counterbalanced 


so that operation is easy. 
Automatically closed in event of fire by fusible link. 


This door is not difficult to operate after it has automatically closed 


and can be easily raised. 
For elevator openings, a single door of similar construction 


with lighter gauge curtain is approved. 
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The Kinnear Manufacturing Company 
20 Field Ave., Columbus, Ohio 
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Steel Rolling Shutter For Exterior Openings, 
Inspected and Labeled by The Underwriters’ Laboratories, Inc. 


Approval: Single shutter not exceeding roo sq. ft. in area, nor 
12 ft. in width or height. 


Description: Mounted on exterior face of wall, and equipped with 
gearless rewinding device opetated from the inside. The coil and 
automatic mechanism is enclosed and fully protected from the 
weather. 


Shutter is normally open. Automatically closed by fusible link 
in event of fire. 


Catalogs of special information will be furnished upon request. 


LO 


on 
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The Kinnear Manufacturing Company 
20 Field Ave., Columbus, Ohio 
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Steel Rolling Shutter For Exterior Openings, 

Inspected and Labeled by The Underwriters’ Laboratories, Inc. 
Approval: Single shutter not exceeding 100 sq. ft. in area, nor 
12 ft. in width or height. 

Description: Mounted in reveal above the window frame and 
equipped with gearless rewinding device operated from the inside. 

Shutter is normally open. Automatically closed by fusible link 
in event of fire. 


The Kinnear Manufacturing Company 
Columbus, Ohio, U. S. A. 


Branches at 
Boston, Mass. Chicago, Ill. Cleveland, Ohio Detroit, Mich. 
Philadelphia, Pa. Kansas City, Mo. Washington, D. C. New York 
ittsburgh, Pa. New Orleans, La. San Francisco, Cal. 
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Double Hung Steel Plate Window Type B 
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Fine Solid Steel 
Casements: 
Double Hung 
Steel Plate Win- 
dows for banks, 
offices and mon- 
umental build- 
ings. 

Solid Steel Pro- 
jected and 
Counterbal- 
anced Sash, for 
schools, offices, 
and hospitals. 


Solid Steel Piv- 
oted Factory 
Sash, Pond Con- 


tinous Sash and Operating Device, and Counter- 
balanced Sash for side walls and roofs of industri- 


Solid Steel Projected Windows, ‘‘out-at-side,” and 
Basement Windows for apartments and residences. 
All types except Casements, Pond Continuous Sash 
and residence windows are made to bear Under- 
writers’ Labels where required. 


Steel Doors and Partitions for factories and fac- 
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STEEL FACTORY EQUIPMENT 


Bin Type and Rack 
Type Steel Storage 
Shelving in stock 
and special sizes 
for heavy duty. 
Easily erected, ad- 
justed and relocated 
when needed. 


Steel Unit Shelving 
(portable units) for 
stores and light 
miscellaneous stor- 
age. Bins are of 
assorted sizes to 
hold variety of con- 
tents. 


Pressed Steel 
Bench Legs, Bench 
Drawers, Tool Cab- 
inets, Utility Cab- 
inets, Foremen’s 
Desks, etc. Bin Type Storage Shelving for heavy duty 
Lupton Auto Parts Storage: special steel bin systems for 
“filing” parts in related groups. 

Steel Wheel and Tire Racks, Fender Racks, Bar Racks, etc., 
for garages. 

Steel Display Counters and Display Shelving for retail stores. 


DAVID LUPTON’S SONS COMPANY 


PHILADELPHIA 
Chicago New York Pittsburgh Boston 
Cleveland Detroit Buffalo 


St. Louis Atlanta Baltimore 
Dallas 
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ESTABLISHED 1866 
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pooRS “ALMETL” SHUTTERS 


REG. U.S. PAT. OFF. 


UNDERWRITERS LABELED 


Universally approved by all Insurance (Stock and Mutual), City, State, 
and National Fire and Safety Control Authorities. Highest Insurance 


Credit. 
| eer 


if SASH CORD “ 
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I 
AND BACK STOP 
ROPE PULLEY OLEH TRIOGER 


WEIGHT 
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Made entirely of Steel and Asbestos. A panel of transversely laid 2} in. 
corrugated galvanized heavy gauge steel, interlined with asbestos—all 
securely neld in a continuous frame of 2}in. x 3/16in.barsteel. Alljoints 
are welded or riveted. The frame and ends of panel sheets are protected 
by a cover binder of heavy galvanized sheet steel, riveted to the frame. 
The — laid corrugated sheets give maximum strength, with minimum 
weight. 

IMPASSABLE BY FIRE INDESTRUCTIBLE IN USE 
Write for catalog and engineering details 


Contracting and erecting licenses everywhere 


FIRE RETARDING “STAR” VENTILATORS 
Are equipped with a gravity closing damper and are so arranged that 
in event of fire the damper closes automatically. Maximum exhaust, 
minimum cost. 


MERCHANT: & EVANS Coe 


PHILADELPHIA CHICAGO 


pot te 
lft 
Ya 


NEW YORK 


LANCASTER, PA. CLEVELAND 


WHEELING 


KANSAS CITY 
DETROIT 


} 


| 1934-38 No. Front St. Philadelphia, Pa. 
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’ Peter’ s Approved Hardware 


Labeled by Underwriters’ Laboratories 


FIRE DOOR AND SHUTTER HARDWARE 


in Standard Sets ready to install or made to meet any special condition 


PETER’S APPROVED PANIC LATCHES 


for Fire Doors; also Panic Exit Door Bolts. 
AUTOMATIC FIRE WINDOW LATCHES 
and Ventilator Controlling Mechanism. 
CATALOGUE AND PRICES ON REQUEST 


JAMES PETERS & SON 


Established 1869 


FERRALUN 


Anti-Slip Treads 


Stair Treads Fire Door Saddles Elevator Thresholds 


“ Feralun”’ is iron and emery cast together, is durable, fire resistant and 
affords a safe foothold on walkway surfaces. 


For floor plates in Engine and Boiler rooms and around moving machinery, 
where there is oil, soapy water, etc., it prevents serious accidents from 


slipping and falling. 
In buildings of the highest class, where a fine architectural effect is desired 
use ** BRONZALUN ” or ‘‘ ALUMALUN.” 


Samples and Literature on Request. 


AMERICAN ABRASIVE METALS CO. 
50 CHURCH STREET, NEW YORK 
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The Seal of Window Protection 


Let us co-operate with you on your 
problems of protecting window open- 
ings, enclosing stair and elevator wells, 
sub-dividing floor areas, etc.! Our 
descriptive literature and samples will 
be of service to you and will be gladly 
sent upon request. 


MISSISSIPPI] WIRE GLASS CO. 


220 Fifth Avenue, 


NEW YORK 
CHICAGO ST. LOUIS 
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FACTROLITE 


FOR INDUSTRIAL BUILDINGS AND WHY 


‘On the basis of plain glass giving 100% illumination, 
the photometric measurements in the chart below 
show how Factrolite increases the illumination at 
the most important point which is 25 feet or the 
middle of a 50 foot wide building 72% while at 
locations near the window the light is reduced by 
complete diffusion to eliminate glare. 


Wdo. 12% ft. 25ft. 3714 ft. 50 ft. 
ination with 

Garcia ng Photometric Measurements 

Windows 28 16.8 1.4 0.80 0.85 
Factrolite Wire 

Glass 25 Tou, 2.41 1.10 1.28 
% of increase in 

illumination 72 38 57 
% of decrease in 

illumination 11 25 


Laboratory reports and our full co-operation will be given 
upon request. 


MISSISSIPPI WIRE GLASS COMPANY 
MISSISSIPPI GLASS COMPANY 


W. Madison Street 220 Fifth Avenue 4070 N. Main Street 
: CHICAGO NEW YORK ST. LOUIS 
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CORRUGATED WIRE GLASS 


The acknowledged new standard for 


gee 


F) ROOFS SKYLIGHTS 
SIDE WALLS CANOPIES 
AREA COVERINGS 


Seven times stronger than flat glass of same thickness. 


No glare, greater illumination. 


No steel sash required. 
Nothing to wear out or deteriorate. 
Withstands vibration. 


Approved by the Investigating Committee of Architects 
and Engineers. Report sent on request. 


Send for new forty page illustrated catalog giving views 
of installations and engineering data. 


AQUEDUCT WIRE GLASS 


The ONLY glass manufactured in the world today which 
prevents dripping from condensation. 


Also manufacturers of 1/8’’ wire glass (Rough, Ribbed, 
and Figured). For safety, use this glass, as it will not scatter 
when broken. 


Our wire glass, 1/4’’ and over in thickness, has the full 
approval of the National Board of Fire Underwiters as a 
fire retardant. Catalog and samples on request. 


Pennsylvania Wire Glass Company 
Pennsylvania Building Philadelphia, Pa. 
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Actinic Glass 


(Trade Mark) 


A heat intercepting glass (amber tinted) that excludes 
85% of the Ultra-Violet (glare) rays and not only prevents 
the deterioration of fabrics, such as silk and rubber, but also 
prevents the harmful effects of these rays on the eyes. 


The Infra-Red (heat) rays have been authoritatively 
proven to tire the eyes. By excluding 55% of these rays, 
eye fatigue—with its resultant inefficiency—is eliminated by 
Actinic glass. 

This glass is particularly desirable for use in school win- 
dows to protect the children’s eyes. 


Prevents fading of colors. 


Made in various patterns, with and without wire, to suit 
all requirements. 

Actinic Glass tested by the United States Bureau of Stand- 
ards. (Report on request.) 


It may be the one glass that will solve your problem. 
Our Engineering Staff will advise you—Free. 


- Pennsylvania Wire Glass Company 
Pennsylvania Building Philadelphia, Pa. 
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HEAVY * 
“WATERPROOFING 
=“ ENVELOPE 


‘TRADE MARK REG. US. PAT, OFF. 


A steel roofing and siding 
sheet, sealed in a triple-pro- 
tective coating of (1) Asphalt, (2) 
Asbestos felt and (3) Water- 
proofing. Used on industrial 
buildings, it combines the ad- 
vantages of corrugated iron and 
built-up roofings without the 
disadvantages of either. 


Robertson Process Asbestos Protected Metal (APM) 
successfully resists the destructive action of weather expo- 
sure, smoke, steam, fumes, gases, condensation, salt air— 
all corrosive influences. This kind of durability means the 
greatest possible roof economy. The moderate first cost of 
APM is spread over so many years of service that its cost 
per year is remarkably low. And the first cost of APM is 
practically its only cost, because it never requires painting 
and because upkeep expense is eliminated under most con- 
ditions. 

Write for prices, descriptive literature 
and a sample of the material itself. 


H, H. ROBERTSON COMPANY 
PITTSBURGH, PA. 
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A New Ventilator of 
Greater SSSIEn ey 


The new Robertson 
Ventilator is a roof_ven- 
tilator of unusually 
powerful exhaust capa- 
city under all conditions 
of wind, weather and 
temperature. 


The exceptional air- 4 
pulling capacity of the Robertson Venti- 
lator is indicated by the fact that zt exhausts 
from 50 to 60% more air than an open pipe 
—a most unusual rating as compared with 
the exhaust capacities of ventilators of 
other types—whether stationary or rotary. 

The Robertson Ventilator ventilates as efficiently 
at low wind velocities as at high. It performs as 
satisfactorily on sloping roofs as on flat roofs—an 
advantage that few ventilators possess. 

The Robertson Ventilator isa strong, immovable, 
rigidly-constructed unit. It has no rotating parts 
to get out of order or requireattention. Operating 
expense and upkeep expense are eliminated. Robert- 
son Ventilators are made of Asbestos Protected 
Metal, copper or galvanized iron as specified. Write 
for complete details and prices. 


H. H. ROBERTSON COMPANY 


| PITTSBURGH, PA. 


=| 
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ROBERTSON 


Skylight Construction 


Robertson Skylight 
is a patent glazing con- 
truction of unusual du- 
rability. Its long life 
is due to the use of 
Robertson Process As- 
bestos Protected Metal 
(APM) and Robertson 
Process Asphalt. Itis 
a skylight that cannot 
corrode or rust and 
does not require paint- 
in 


Cross Section Robertson Skylight 
Construction 


The danger from broken glass through corrosion 
and deflection of supporting bars and the expense 
of such breaking is eliminated. 


The bar, condensation gutter and cap are made 
of APM. It is readily apparent that skylight con- 
struction made of metal, so fully protected, will have 
many years added to its life. 


Robertson Process Asphalt is used for the sky- 
light cushion and fillers. This special asphalt pro- 
vides a non-absorbent, resilient, permanent, and 
insulating bed for the glass. 

Robertson glazing construction is also suited to such uses 
as monitor sash, sawtooth fronts, etc., both single and double- 
glazed. Itis particularly adapted to meet extreme fume and 


moisture conditions. Write for complete descriptive litera- 
ture. 


H. H. ROBERTSON COMPANY 
Pittsburgh, Pa. 
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SCUPPERS 


For Warehouses, Factories, Department Stores, Etc. 


ON ea A Pans 


fencer 5 Aiea 


fleratron of /aler 


€ - 


Solid section shows scupper as usually furnished. Special 
features fully described in our printed matter 


Our Scuppers are made in exact conformity with the recommendations 
of the National Board of Fire Protection. 

Shaped so as to securea rapid discharge. Tests by The Underwriters 
Laboratories Inc. showed a discharge capacity of sixty gallons per minute 
under one inch head of water. 

The hood protects the valve from mortar during construction and from 
accumulations of dirt, ice and snow. 

Bronze outer valve swinging free (not recessed), hung in bronze bushings 
and well fitted, to exclude cold air. 

Grid at inlet prevents entrance of any large objects that might enter and 
obstruct flow of water but leaves interior of scupper open to view from the 
room. The grid is removable. 

Secondary air check valve in neck of the scupper furnished if desired. 

See Sweet’s Index or send for special literature and list of installations. 


WATERTITE DRAIN AND SCUPPER COMPANY, Inc. 
137 E. 46th Street New York 


WATER- AND SMOKE-TIGHT PIPE SLEEVES 


These sleeves are of cast iron in one piece, for use in cement floors. 


They secure absolute insulation between floorsand neither water, smoke, 
acid fumes or gases can pass from one floor to another. 


Send for printed matter. 


DRYCEIL PIPE SLEEVE COMPANY 
137 E. 46th Street New York 
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‘GYPSTEEL’”? ROOF DECKS 
Pay for Themselves 


In reduced heating costs in northern climates. Report by Prof. 
Charles L. Norton of Massachusetts Institute of Technology, 
sent on request, contains formulas by wnich savings in fuel 
consumption and heating equipment can be accurately figured. 


GYPSTEEL Roof on Machine Shop, American Radiator Co., Buffalo, 
N. Y., one of the fifteen GYPSTEEL installations for this Company 


GYPSTEEL ROOFS PREVENT CONDENSATION, 
safeguard processes and prevent roof decay, disintegration, 
and corrosion. ‘‘ Gypsteel’’ Roofs are: Absolutely ¢mcom- 
bustible; highly insulating; light, which saves steel; designed as 
a suspension bridge, with supporting cables carrying the load; 
Slabs are tied together, and anchored to steel, producing a 
monolithic roof when completed; slabs are precast; no forms 
required; rapidly erected; no interruption to work below. 
Send for Complete Bulletin. We Quote on “GYPSTEEL” 
Roofs erected in place. 


STRUCTURAL GYPSUM CORPORATION 
53 Park Place, New York 
Boston Philadelphia Buffalo Pittsburgh 
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pre Precast Gypsum Roof Tiles are made of 
structolite (Structural Gypsum) and reinforced 
with electrically welded galvanized steel mats. Long 
span channel and long span hollow tile are made 5” 
and 6” deep, in lengths up to 8’o”. They are laid 
directly on the purlins. Short span tile 12’’ wide and 
30’ long in thicknesses of 3” solid and 31’ hollow 
require sub-purlins, usually tees, spaced 303” on cen- 
ters. Any type of roof covering can be applied to 
Pyrobar Tile. 

The high insulating value of Pyrobar checks heat 
losses through the roof, saves fuel and permits of 
smaller heating plant and equipment and a continuous 
saving in fuel. A roof properly designed with Pyro- 
bar Tile will prevent condensation in most cases. 
Sulphur gases have no destructive action on Pyrobar. 

BEAM AND COLUMN COVERING, FLOOR 
VOIDS AND PARTITION TILE are also included 
in our manufactured product for fireproofing or fire 
retarding. 


Our trained engineering staff and erection organization are 
prepared to furnish estimates on and complete installation of 
any Pyrobar Tile work. Consultation with architects, engineers, 
owners or contractors is invited, and entails no obligation. 


UNITED STATES GYPSUM COMPANY 


205 West Monroe Street 
Chicago 


PYROBAR 
ROOF TILE 
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When the Fusible Link Melts— 


Down Goes the Door 


At a temperature of approximately 160 degrees Fahrenheit a 
fusible link, either at the head of the opening or near the 
ceiling, melts—down goes the door to the bottom of the open- 
ing. It can be raised without difficulty immediately after. 


The entire automatic device can be easily reset by inserting 
new fusible links. It is not necessary to remove the hood or 
dismantle the door to do this. 


Catalogue, details and prices will be forwarded 
on request 


SO ST aS 
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Labeled Doors 


For Protection Against the Spread 


of Fire 


Wilson Gravity Closing Shutters close only in case of fire. 
They are used mostly on windows for protection against fire 
in adjoining structures. They can be easily tested from the 
inside of the building. 


WILSON Underwriter Labeled Doors meet the requirements 
of the Underwriters Laboratories’, Inc., and the Associated 
Factory Mutual Fire Insurance Companies. 


The J. G. Wilson Corporation 


Established 1876 
11 East 36th Street NEW YORK 


Offices in Principal Cities 


= _ 
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| Hose House Padlocks 


With Brittle Shackles 


Locks to further fire pre- 
vention and protection for 
valve straps, indicator 
posts, dry valve cabinets, 
oil housés, oil tanks, fill 


caps, switch cabinets, 


clothes lockers, and any 


other specific lock need. 


No. 04096H—2 in. Hose 
House Padlock with 
Brittle Shackle 


EAGLE LOCK CO. 


Terryville Connecticut 


Manufacturers of } 
PADLOCKS NIGHT LATCHES 


TRUNK LOCKS CABINET LOCKS 
WOOD SCREWS 


New York Philadelphia Chicago 
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renewable 
cartridge 


FUSES 5 


Fae in all Capacities” 


Economy Fuse & Manufacturing Company was the pioneer in the 
renewable fuse field and today is the leader and largest manufacturer of 
this type fuse. Millions of Economy Fuses have been in use for years in 
industrial establishments, powder factories, chemical works, flour mills, 
railroads and public utilities as well as the U.S. Government Depart- 
ments and the United States Navy, where safety is the first consideration. 


CLEARSITE 


Reg. U. S. Pat. Off. 


Plug FUSES 


Approved by Underwriters’ Laboratories 


The greatest development in de- 
sign and performance in plug fuses 
since the screw shell type has been 
in use. 


Sold tn standard carton quantities as well as 
i retatl packages of four by all live electrical 
4 for 25C dealers and jobbers. 


Economy Fuse & Mfg. Co. 


Chicago, U.S.A. 
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LALOR AUTOMATIC 
Shut Off and Drain Valves 


Patented 


For Fuel Oil Burning Systems 


Approved by Underwriters Laboratories, 
Canadian Fire Underwriters Association, 
Railway Fire Protection Association, United 
States Government. 


A differential valve simple in design; rugged 
in construction; certain in operation; in- 
stantly reset. 

Sizes 14” to 6” for pressures of 
100 to 300 lbs., and capacities 


of from 5 to 5,000 
[AUTOMATIC SHUTOFE gal 
| = gallons per hour. 


Shuts off oil supply if line breaks or if feed 
is excessive. Safeguards against fire and 
accident and against waste of oil. 


Illustrated Bulletin on Request 


Lalor Fuel Oil System Co. 


of Maryland, Inc. 


527-533 Colvin St. Baltimore, Md. 
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Safe and Efficient 
Fuel Oil Burning Systems 


bs OE a 


A complete, fully safeguarded fuel-oil Heat- 
ing and Pumping unit employing 


Lalor Shut-off and Drain Valves 


Weare specialists in Oil Burning of 25 years 
Experience. Our Engineering Service 
covers from Storage Tank to Burner. Con- 
sult us without obligation regarding your 
‘problems. 

Our illustrated Bulletin on Storage and Use 
of Fuel Oil contains a wealth of Practical 
Data. 


Sent Gratis on Request 


Lalor Fuel Oil System Co. 


of Maryland, Inc. 


527-533 Colvin St. Baltimore, Md. 


838 Handbook of Fire Protection 


proof chests. 


Underwriters’ Laboratories. 
Essential facts regarding Meilink “Master 
Model ” safes are as follows: 


MEILINK 
‘*Master Model’’ Safes 


Sq. Ft. ; 
Model Fire Floor iW glght! MESEpty 
No. Test Space Sq. Ft. Total 
131B 3th hr, 5.76 147 850 
133 B 3,.br. 5.76 208 1200 
141B ay pir. 7.68 169 1300 
143B 3 thr 7.68 221 1700 
144B a ebr, 9.82 203 2000 
146B Sak 14.63 203 2550 
88 1'/, hr. 3.14 120 375 
90 1Ahr. | 3.34 128 425 
92 11/, hr. 3.85 137 525 


Steel safes for every need from dwelling to bank 
can be fitted with metal filing sections and burglar- 


Tested by fire and impact, and carry label of 


2 
OOO 


Cu. Ft. 


Capacity 


6.05 
10.82 


The Meilink Steel Safe Co. 
Toledo, Ohio, U.S. A. 
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Steel Fire-Proof Safes 


Bearing Underwriters Laboratories Label 


MEILINK ‘‘ MASTER MODEL ”* 
Fitted with Maxi-File Sections and Burglar Proof Chest 


The Meilink Steel Safe Co. 
Toledo, Ohio, U.S. A. 
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FARR 


Hyd raulic Systems 


are the safest and most economical method 
for storing and handling gasoline and oils— 
because : 


These systems are always full of 
liquid. No air in contact with the 
fluid in storage. No gases generated, 
so explosions and fires are impossible. 
Feeds clean oil from Top of Tank. 


FULL TANK TOP FEED 


For use in Garages, Service Stations, 
Factories, Refineries. For Bulk Stor- 
age, Field Storage, either above or 
below ground. We also have systems 
for feeding oils to house heating 
equipments, furnaces, engines, etc. 


We are Oil Handling Engineers 
Let us solve your problems 


FARR 


Hyd raulic Systems 


INCORPORATED 


11 Broadway New York.NY. 
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_ Linde Oxygen is made by the Liquid Air process, and is 
shipped in high pressure steel cylinders, which are loaned to 
= user. The standard type cylinder discharges 220 cubic 
eet. 


All Linde cylinders are manufactured in accordance with 
the regulations of the Interstate Commerce Commission, 
whose present high standard, beginning with the chemical 
composition of the steel and ending with the finished cylinder, 
was largely brought about through the codperation of the 
leaders in the manufacture of oxygen, after thorough inves- 
tigation. 

Linde’s nation-wide chain of 31 producing plants and 58 
warehouses places Linde Oxygen within convenient reach of 
every user. 

Linde Service goes beyond the mere supplying of its 
products. It includes a carefully planned method of bringing 
engineering advice and assistance into close touch in the 
field with the individual user’s problems and needs. 


Through 18 District Sales Offices Linde places its Service 
within convenient reach of every Linde user. 


The Linde Air Products Company 


The Largest Producer of Oxygen in the World 
Carbide and Carbon Building, 30 East 42d St., New York City 
31 plants—58 warehouses 


District Sales Offices: 


Atlanta Los Angeles 
Baltimore Milwaukee 
Boston New Orleans 
Buffalo New York 
Chicago Philadelphia 
Cleveland Pittsburgh 
Dallas San Francisco 
Detroit Seattle 
Kansas City St. Louis 


LNG Dik OuX= YG EN 
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Oxweld Acetylene Equipment 
For Welding and Cutting Metals 


The Oxweld Acetylene Company as a pioneer in the oxy- 
acetylene industry has developed, through its years of expe- 
rience, a large staff of engineers and service operators. All 
our accumulated data and experience has made it possible to 
provide the industrial user with acetylene and oxy-acetylene 
equipment of exceptionally safe and efficient design. Starting 
with correct principles, the low pressure or injector system, 
and working with strict conformity to the requirements of the 
National Board of Fire Underwiters, which early took juris- 
diction, the Oxweld Acetylene Company has the unsurpassed 
record for safe practice in this particular field. 


The use of the equipment having become absolutely nec- 
essary to the industrial development of the country, insurance 
engineers should see to it that all apparatus used for the 
purpose shall have passed the Underwriters’ Laboratories as 
a permitted appliance and that they are installed in accordance 
with those rules. The Underwriters’ Laboratories in making 
these rules has taken into consideration all the necessities of 
the case and as the apparatus of the Oxweld Acetylene Com- 
pany, from the generator to the tip of the blowpipe, has been 
passed by the Underwriters’ it simply remains for insurance 
engineers to see that the piping is substantially installed in the 
proper manner. This done, the use of the oxy-acetylene 
equipment isa safe operation and properly safeguarded. 


Oxweld Acetylene Corporation 


Newark, N. J. Chicago San Francisco 


“World’s Largest Manufacturers of Welding and Cutting 
Equipment.” 
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| 
PREST-O-LITE| 


Dissolved Acetylene 


Prest-O-Lite dissolved acetylene, compressed in accordance 
with the best engineering practice into cylinders containing a 
suitable porous material and absorbed chemical solvent, has 
been a recognized standard product for over twenty years. 


The cylinders are constructed in accordance with the 
Interstate Commerce Commission regulations and inspection, 
repairing and recharging of cylinders is under the supervision 
of experienced dissolved acetylene engineers. Standard type 
cylinders discharge approximately 100 and 300 cubic feet. 


A national chain of 26 plants and 29 warehouses provides 
Prest-O-Lite users with convenient and dependable service. 


The Prest-O-Lite Company, Inc. 
General Offices: 
Carbide and Carbon Building 


30 East 42d Street New York City 
In Canada: Prest-O-Lite Co. of Canada, Toronto 


District Sales Offices: 


Atlanta Dallas New York 
Baltimore Detroit Philadelphia 
Boston Kansas City Pittsburgh 
Buffalo Los Angeles San Francisco 
Chicago Milwaukee Seattle 
Cleveland New Orleans St. Louis 


PREST-O-LITE)! 
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UNION CARBIDE 


World’s Best Quality Highest Gas Yield 
Warehouses in 150 Cities 


We supply Union Carbide in the Generator Sizes 
listed below—direct to consumer—at factory prices 


31/2in.x2in. (Lump) 
2 in. x 1/2 in. (Egg) 
11/4in. x 3/8in. (Nut) 


1/4 in. x 1/12 in. (Quarter) 


Orders can be addressed to Union Carbide 
Sales Company, at any one of the addresses 
given below. 


Our BLUE AND GRAY DRUM isthrough- 
out the world a symbol denoting - Best Grade 
Carbide - Highest Gas Yield - Uniform De- 


Always Packed in dabl ‘ty andi Purest Gas" 
Blue & Gray Drans's * able Quality, an u as 


Our Remarkable Service and Distributing System 


ALABAMA FLORIDA IOWA 
Birmingham, Jacksonville, Davenport, 
yee Tampa. a Moines, 
ontgomery. ubuque, 
ARIZONA GEORGIA Fort Dodge, 
PI : Atlanta, Ottumwa 
hoenix. Savannah. Sioux City, 
“cepa ILLINOIS Waterloo. 
Little Rock. ons raked 
anville, ittsburgh, 
pa ORS Decatur, Salina, 
ro sasiea East St. Louis, Wichita. 
caper (See San Fran- one ges 
cisco . 7 ’ E 
» Marion, Central City, 
Sealand Monmouth, Louisville, . 
Sa Franei Peoria, Middlesboro. 
aly Mranele Quincy, LOUISIANA 
COLORADO Springfield, New Orleans, 
Denver. Streator. Shreveport. 
CONNECTICUT INDIANA MAINE 
Hartford. Evansville, Portland. 
DISTRICT OF Fort Wayne, MARYLAND 
COLUMBIA Indianapolis, Baltimore, 
Washington. Terre Haute. Cumberland, 
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Union Carbide Warehouses (Continued) 


Shamokin, 
Williamsport, 
Wilkes-Barre. 
SOUTH CAROLINA 
Charleston. 
TENNESSEE 
Chattanooga, 
Knoxville, 
Memphis, 
Nashville. 
TEXAS 
Dallas, 

El Paso. 
Houston, 

San Antonio, 
Waco. 

UTAH 

Salt Lake City. 
VIRGINIA 
Lynchburg, 
Norfolk, 
Richmond. 


WEST VIRGINIA 
Bluefield, 
Charleston, 
Elkins, 
Fairmont, 
Huntington, 
Morgantown, 
Mount Hope, 
Mullens, 
Wheeling, 
Williamson. 
WASHINGTON 
Seattle, 
Spokane, 
WISCONSIN 
La Crosse, 
Madison, 
Milwaukee. 


Carbide Sales Company 


Salisbury. Lee 
MASSACHUSETTS atertown, 
Indian Orchard, Whitehall. 
Worcester. NORTH CAROLINA 
MICHIGAN Charlotte, 
Detroit, Raleigh,. 
Grand Rapids, Wilmington, 
Hancock, Wilson. 
Iron Mountain, NORTH DAKOTA 
siren Fargo. 
ackson, 

Lansing, OHIO 
Muskegon, Athens, 
Saginaw, Canton, — 
Sault Ste. Marie. Phin ape 
MINNESOTA are: 
Minneapolis, SB gt 
Virginia. ay ’ 

Lima, 
MISSISSIPPI Mansfield, 
Vicksburg. Steubenville, 
MISSOURI Toledo, 
Kansas City, Youngstown, 
St. Joseph, Zanesville. 
St. Louis. OKLAHOMA 
NEBRASKA McAlester, 
Omaha. wate City, 
NEW JERSEY speaks 
Camden, OREGON 
Newark. Portland. 
NEW YORK PENNSYLVANIA 
Albany, Beaver, 
Binghamton, DuBois, 
Brooklyn, East Greensburg, 
Buffalo, Erie, 
Geneva, Harrisburg, 
Hurleyville, Johnstown, 
Jamaica, Philadelphia, 
Kingston, Pittsburgh, 
Niagara Falls, Pottsville, 
Poughkeepsie, Scranton, 

e 
Union 

New York Chicago 


San Francisco 
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INDEPENDENCE 
BUREAU 


Established 1903 


Consulting Engineers 


FIRE PREVENTION 
Pee ACCIDENT PREVENTION 
EA Saat te fre. INDUSTRIAL RELATIONS 


FACES HISTORIC 
INDEPENDENCE SQUARE 


The Bureau is widely known for knowledge of 
its special subjects; thoroughness of work; ability 
to get co-operation; the practical nature of its rec- 
ommendations; and its outside point ofview. 


FIRE PREVENTION — Consultation on plans, reports to 
minimize chance of interruption of operation by fire, engineer- 
ing studies of record protection, egress, etc., physical data for 
self insurance plans. 


ACCIDENT PREVENTION — Plan reviews, plant inspec- 
tions, safety organizations, statistical studies. 


INDUSTRIAL RELATIONS:—Specialists on benefit asso- 
 ciations, pension plans, housing surveys, and other industrial 
subjects. 


H. I. Brown, Bi Uy CROSBY, 
President H. W. Forster, 

J. A. WELLINGTON, H. P. WEAVER. 
Manager Vice-Presidents 


137 South Fifth Street, Philadelphia 
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Agricultural implement factories, topical list of fire dangers...... 133 (76) 
Asr eompressors for dry. Pine (SY StCuIS, .. 01 inc:d ord. sve 2 00.0.8 < sd.ieiss.e 584 (52) 
Air pressure systems, fuel oil......... woNaesaxe sie capensis eee 60,*+ 62, (rOR) 
inflammable liquids....... A Ent OA OSCE COI Ps 97-98 (223-24) 
PAlArin ValV Catia tte fee carlos 5's oa alelo.a sarees ar Rint rec th onlays oii «+ 556 (1-4) 
Ai Vengiite & SV SEONG via oc ns Solarse oats aleras) ofnte's ws <'s, pcsie eye ‘she, 558-59 (11-13) 
OCAl | SENWICC mamreleini ola geinelcin ls tplesalniealsinesiniv 9 0.404 0.0.vlelghsntel HEY C&—S) 
manufacturers— : 
“ Automatic” Sprinkler Corporation of America....-. 768—69 
Fire Protection Company........ Weve Mera site 5s ace NON ey EI 
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Alarm vaives, manufacturers (cont.) Page and (Paragraph) 

Globe Automatic Sprinkler Company...++++++e+eees00 su 7S 

Grinnell Company. ..ceecceecccecccercecccees wnidore hone ee 

Phillips Company, The......-+eeeeeerrcrcsereces WR 

Rockwood Sprinkler Company...+++++++++% EM On ee ES ie 

U. S. Construction Company...++-++++++0+ Dia oie 7-0 'einte.o Senge 

Vogel, H. J., Company. .....-+e+eeeereees en ee aera a SN 

National Board rules.......---+eeereeeseeseeeces 566-68 (41-46) 

record of service.....+-+++++> Weeicr tee ooo saat thal somesa eee, SSO MME 

supervisory service......--- Miva oe arto Sidsh.o tee pcacupe S50 CRERr 

TARRY ers okie. Ce RE CE UC ee eee 557-58 (9-10) 

EY DOSE ec eeinry nicicrwies creer etereia's Feialareieg 556 (4), 559-69 * (16-17) 

<A Eee ea See ae er ee ee . 491 (137-40) 

Alarms, fire, see Fire alarms 

IMeoholestoveShensmodmass sos sce cesses pe oad prepare Beem er, 

topical list of fire dangers....--++++eseeeeereeeereceee +e 129 (39) 

‘Alcohol’ torches: . o...cccccescenccevecccces pated ate eae 83 (182), 130 (45) 

Alkaline fusion, coal tar derivatives. .....-..++-eeeeee cree erress s, 122 Gs) 

Alkylation, coal tar derivatives. .....++++++eeeereeeeeeeee Oncuee 123 (28) 

“ Ajmetl” fire doors and shutters, Merchant & Evans Coven meee ae oe 

PAV TIULL. CUSts acvae-cacsiaw.acuie es 6a WIPY che ae 3.0 aleeie y aN Sues ive sents EIQ. Com 

“ American-LaFrance ” water tOWeTS.....-eeeeeer sree seer teense 292 (64) 

FATNIMOMIS ieee se ce co Serene Civils alesse were rears ating Ste ee BPRS a ass 

pressure tanks.........eeec eee ee ee eee e eer seceecees 49-50 (68f) 

refrigeration systgm hazards......-+++++++ee+e+ 100, 102 (236-37) 

StOTAGE vee evculccsccscsausetincewevessetssewesunsusioce sive 120 (12) 

PAT ihitiew Olle acentce wees einen ans sal es perme ete 121 (18), 123 (27), 738 

Animal oils, flash points (table)....... es Shierivass wares Qusiezals Races aie 740 

AMENTACENE secccee scenes ss ces eu eee ves US Ra Wet Gee take. Care eree a ena 

Appraisals, The Manufacturers’ Appraisal Company....+-+++2+eeerees 900 

RALULE:: Of eile wixiehs owe Malmnee Sette erm CNG P Sen Roe ee eae ae 3 (9) 

Approved devices, Underwriters’ Laboratories.......-++++- 17 (49), 25 (5) 

Aqueduct”? glass we ves sce weseteesseeeges meer veces wee wie, She aay 

Pennsylvania Wire Glass Company.....++- a: a 6rs epee elie eon 824 

ARG IHS tists s! Wisve « atiaare tion's. O6ib st Stamina ere aty eo WCC nibs 0s SmNISEIG . 38), 40 (30) 

Arches, floor, fire resistive cOveringS...+.+++se+eeeeeeeee «+ 173-74 (31-34) 

CU PES le seh eee cle capes 5 cess RANT ao 6 ei . 166 (7-9) 

Areas, mill construction buildings...... Sirs ee SV aatore ate wees 197 (24-25) 

of buildings, reducing. ...... eee eee cece eee ee eee wa Dae iwete 6 (c) 

Arson, safeguards against........+++ se ee eee reer eee e cerns 642 (71-72) 

Arson Committee, National Board of Fire Underwriters...... seus 2oeuuey 
Asbestos blankets, see Blankets 

Asbestos board, fire resistive qualities...... 75 (160b), 77 (a), 209 (37) 

Asbestos clothing for fighting oil fires... 1... ees see eee e rere reece -. 429 (h) 

Asbestos protected metal... 2.6... eee eee ee eee eee ee ees 213 (3-c), 214 (4-c) 

H. H. Robertson Company... cevccvceccccsccsescssvssescesouce 826 

Ashes, fire dangers... ...see cece eee e eee rere ne ee eres eens eneaees 78 (165) 


prompt removal......++ Cadie Vie ears Oe MAIN eIS ces a: sama eteeneaa ane Scrap 
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Ashes (cont.) Page and (Paragraph) 
topical list of fire dangers........ wis miele elalviclethcls/clalarwty’s «seh eK 2QuS2) 

Asphalt works (roofing paper works), topical list of fire dangers. 148 (130) 

Associated Factory Mutual Fire Insurance Companies, check 


walvest Joa.0% UME. cies. seeets 324-25 (68-69), 326* 
fire meters...... Sa Seba UE wise sale w Sate Henne MER Meron ee 330 (80) 
fire tests of building columns.................... 183-85 * (56-58) 
specifications for mill construction, cited............. decree 109) (3G) 
dlantic Balding? Chicago, fires ii .ki ac oecion tla . OE +» 194 (9) 
Kies eelimination: Of seo. e0eee. 3.05 Cee. Shee. sees 207 (23—2,)) 
Pasttontint er eball tle ipy..nsta. SAM a a sckstccsne ea ak 573," 5775¢339) 
Automatic closing devices, fire doors............ 11 (21), 236-40 * (20-25) 
American Fire Prevention Bureau, Inc..........02e0e008 + 796 
“ Automatic” Sprinkler Corporation of America.......... 771 
fire windows, James Peters & Son. ...cs0ccccececdcsceeceds eee oer 
“ Automatic ” exhauster, dry pipe systems..... os aisialpe'e histo eee 602 *—-03 
ARntomatic fire alarm ‘systems... 20% dks 5s Se eed ee - 626-38 * (34-50) 
sera Alarm Company. cms.tlen wdcle's% voli Sy Nee Os, eS Bon, oy 
American District Telegraph Company............00. picts sie eie esos 
American Fire Prevention Bureau, Inc.....20.ccceeccccescces 796 
Pate TIELECHOM SS EPUINC Eine a%: wrote oso fatcta hers Serer SERIE roe 799 
in dwellings........ Vest SEA ae ot ees. AIR A. «010 256 (24) 
Automatic foam cans....... Volvo dv woleisle ctelove'sreewrsis 431, 4395 C24); 451 Coz) 
Automatic journal alarms..... Aerorellshe tals wesrecerante iasaro.ately Saas ate 636,* 638 (50) 
Automatic shut off valves, fuel oil...................- 60 (tor), 61 (105) 
Leator Fuel Od System ‘Co... sesteh. chidat dane ote e ee - 836-37 
“ Automatic” Sprinkler Corporation of America, non-freezing 
SHANE-PipS SY SEEM or se orore roiewsserarolerdste i biwinte dhayaveate axe 446 (73) 
Sypho chemical sprinkler system...........cceceeees 606—09,* 770 
iMatomatve:) eprinklers. és: csp ccscdtse case nsec nets tittnS56b « 459. (r=) 
alarm valves, see Alarm valves 
DOOSEer PAP BY SEEN «os .ors « oree-s ies scoee 371-73 * (155-59), 463 (19) 
PHORMOALISY SEM > SYPRO ws esedieerecineiewshiiietona nied ss BOE 606—09,* 770 
conflagrations, protection against................ 671-72 (9-12, 14) 
BOLE AMPA te le. se rcledeto ve (Prefers te Lelarstevere ve 493-96 * (152-59), 551 (73, 75) 
ew clopntent? 63.6.0 ew ses jess SARE SAE» MERA. orto aS 459-61 (3-9) 
discharge> ‘from. (able) is. s5.. sa to, fata eee wisi holes Utne sal 707 
dry pipe valves, see Dry pipe valves 
EMICT@SICH epile Mop dyale ie is aiaieie a4 dralae Oras wieder eeeeeees 471-74 (40-51) 
Cellelaid O WOskers’s 31. craic, orapoisvenewsarsydie.5.0/¢ ie a aie ake WOM - 477 (67) 
Gemeal, smidlls Vere roate.« <cimiolde!s sie s ae ttn wie db Fale gia 474 (54) 
COOPSCEA LE PIANCS 1c Aa ole 0:9 wt wi ale ol atm mitten aim tio ot evar elses 474 (53) 
CO then TACEOETES fey setae mp ieieiereleiciarevenie:e o ovem.0:0 9 0 ND -- 474 (54) 
cotton warehouses......... etion tena Meta pails Mooney 4) CRE) 
film vaults...... Pe ee CHOI ahr CE ais 'u ale @'s (0's URN RLOO WC260) 
Aigursanills: ject cat eae ae = inv wip ieierese ote ela iMel et sia Ts CEO) 
furniture factories.......... sisaoa' 6) aiw a's >a Wootton - 475 (57-590) 
grain plelevatarse iis cisje:cteve «ore ain eeisWier afthanttte ths, 476 (60-62) 


dnfamumnable liquid: fires: i... sailelswese «225% -aeiieesoo) (ar8) 
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Automatic sprinklers, efficiency (cont.) Page and (Paragraph) 
match factories......--+- | as DS veAa dia eraittarstt Ratshe 476 (63-64) 
oil cloth works......e-eeeeeseeeeeereererres 476-77 (65-66) 
powder! planta. . sss 22e34 0s wisle - <8U 21 ale ove meimaic = 477 (67) 
pyroxylin plastic....-+.--+-scsseeseeereseseceer ees 477 (67) 
FUlbEr WOLKS cfs ovicts oclavesesiess sss ncesen emer 477 (68-69) 
SAP TALES pone SneeSvarene lone core cone otate epg exer Series 478 (70-72) 
starch factories dev ss «cts! seats He's eisai tale oa se wow xnagB” Gap 
WATTLISH | WOLKSo1-:ccce-c1s eice cee ae ae ahaa ee 478 (74-763 
window shade factories....++++++++++++e0008"* ond ost 7 9D 
WOO « .WOFKEES oa: eiecusrsirelonescissisiseimoversscieimisisiy = wee 479 (78-81) 


see also Automatic sprinklers, fire records 
Dry pipe systems, efficiency 


failure to extend system. ...-...-seeeerseesseseererer® 469 (33-35) 
feed mains and risers....+++-+++++++> 538-39,% 540-44 * (24-27) 
financing .....e-ssseseeeeneeeers tan aerhed ea waminepre 467 (24-25) 
Phillips Company, The....++++seeeseerrserecces Aa ost opereregy Poe 
U. S. Construction Company...--+sereecsesesecceseccrs 781 
fire department connections..--+-++++++++rrsre5* 355-58 * (125-33) 
Fire. FECOLG oe co co. so evialv wis stattanins Sein SSeS e a> Ae 466-69 (21-32) 
(fables). acco ce ccwaerhenssaenn nee eats as severe weeee 743-65 
see also Automatic sprinklers, efficiency 
gate valves.....---++--+++5 483-84 (98-102), 485 (107), 488 (122) 
field. {eStSc. owas oon eres sins cries sam teME TSP 498 (174-75) 
National Board rules....--++ we Sea + tee ew 544-46 (28-34) 
see also Gate valves 
heads, corrosion.....+.-++++++ee+5 493-96 * (152-59), 551 (73, 75) 
CLOSS, “SECHONS o\diciate s:aisie 010/010: bntele elseToni eS © ale ss 502-06 * 
EXtLA ONESie ccc ccininle TURN sens Ns leek eR NMS 422 (C11—15) 
glass cap protection....-.+++++eeerrersctses 493," 495 (156) 
high degree or hard.....-.-++++ 496-97 (161-68), 551-52 (78) 
fenkage’ OF iivlsiss srer-c-cisie 5 aoi0 6 tininie sis Sew R IIE es 488-90 (124-30) 
LoadINg (wks cvacncne rank sn .sceeaeb eens Sere 494,* 496 (160) 
photographs ...+-++++++ Se occ. 502 (198-99), 507-25 Lf 
silica bulb. ...... cece ee ew cece eeceecnes 501-02 (193-97), 775 
used for steam jet systemM.....+---++eeereee erereneyare 455 (110) 
heating system, combined with. ....++++++e+seeees . s00—-01 (190-92) 
tn basements... cs cece ee Feces e vebisle singe ose See see 482-83 (93-97) 
fn adwellings...< <2 d00% cee sees oe as bien ses Shs eibiet ova wetag6" C23) 
in hospitals. .... 2. acs 0 4s swine o ele mnie aiviertiatles iy ois s Ae . 267 (4) 
in railway car houses.......eseseeeseeeeerecseree 554-55 (105-08) 
Fy echOOlSad.owcdnne dooms we on0:s era wecses OSS MeN SEMIN eels 265 (7) 
inspections ....-+-+eeeeeeeeeees 470-71 (36-39), 497-s00 (169-89) 
insurance reductions for.....+++++++++5 sme reris écawmites 967 Caa-2op 
Jeakage cc cceeecnviins Se Sie wee eee cuvesvubittew 48802 (r23—4z2) 
caused by Sun.......-eeeeeeeeee seacsee Bist orvietalerezcscs «30° XY 
FEPOLtS we seeeeeee cere sees eee neeeee ne teesens 492 (143-51) 
life saving value..........cseeseseeceeewes 16 (45), 644-45 (8-10) 


location ....+++.-. am Coe omekitigh ooetille a eeeegso—sr) Crr—aD 
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Automatic sprinklers (cont.) Page and (Paragraph) 
Hoag EELS catia te RNa: FN oak ee seeeeeees 494," 496 (160) 
manufacturers— 

“ Automatic” Sprinkler Corporation of America...... 768-70 
mere Lrotection, Company. <.os se<oh0 -cconscn ee Petaacty opp) 
Globe Automatic Sprinkler Company........ Sievclols slersisloles 7773 
Ke 2INMEHASOMP ANY «=. sevcieis.cinisd 0 BOS 7 NSS evecece F7I4=—77 
Eaulips, Company; Theis vas +s acd. Ree, Fee Goce oft) 
Rockwood Sprinkler COMPANYS vaca Fane sececeseees 778-79 
U. S. Construction Company......... ste] Seis oieiele cies aisle oO 
Vogel, FH. Gu eCompanyostcistk 5 Sue be stale cess heen 783 
modification of standard system.... 471-74 (41-51), 479-83 (82-97) 
maponale bodrds rules. . oe. ee Aes scinsess cee: we ose - 526-55 * 
not applicable for all hazards...............ecceeee 6 (d), 16 (46) 
UPR WAYS SUPDHES fr. 2 fas osc os bstclereccs 323-24 (65-66), 463 (18-19) 
Bike CSP SUSEESIS. Gite lsts borin ss ya s5 Oeiaae eon ae ee, ee 480-83 (87-97) 
Pipe Metings. oe. cos csc eights sith ates sip OP A AE ++++ 546-49 (35-40) 
Se hg ee En ee Se ae a oe a aA OS Rc 547 (36) 
BELO atelectasis aim aes Oarsics Sie otc tet. reese eae 536-37, 540 
strapping and arrangement.................... 541 (26), 543 
GEL OT DURE Yee ae oo be ties ea + 553-54 (96-104) 
NR ANE Sy SIEVE OF Sig hs ol oy pic Boh desis Sou be x scsis' cr hSigns os ME 526 (3-6) 
PRAISES LOE was ale ER OS FAO's: of mina, 51s @ aidlio.e 1 aig Sa se++ 526-30 
Dee MMles ys SUROANCREA ofa <lamyele aise d.ccls to,acotic gh Gh We 466 (20) 
PEUOILOU FICHE GEE INIES pc Ao go © see a eet cee AE 461-66 (10-20) 
PACED Sens Mets a nitiele acai adlae disic civic Tes Gee ae 532-36 * (15—21) 
BUDELVASOT SS BET VICES ciate cop Sots sao hte aa idle e.cn etaie 483-88 (98-122) 
BUATEN) VALUE ICON CCHON © isi oc paca easiatscliseotertiice +.559 (14) 
American District Telegraph Co........seseeees i eet 795 
ISTO. CRCINCAL CY ELECT 6 5:5. 6:0\0 0.6 5:sc0fh wicca otase*. cscicveons 606—09,* 770 
RES OAC OR ois 5 6. cieis a0 v9 @ tale rete Sot Reaal sit ceas ga ehate asa 336-37 (93-95) 
PIAS OME Okan sip reel BO wale oie eioia ie ia +, x.cssiphave/puce Feira AOE? 
ROME MCIA ce cantc Seta ac ois Ac stag es: iow ois Giz wins ate «tate ap 497-500 (169-89) 
POP TEOLLOSIONS os. oie100 oir. 5'0.< vis70 65:9 Boies 3/513 495-96 (155, 157-59) 
MANOMAL BOAT TUMIES™ o1s\0-3 plevdiatan oka s/anee sinlerhae wat 552 (81) 
RLS eMart a dle sins oie Fs, sini. oi nip ovn'y oath e/sigiss wale oo 544-46 (28-34) 
local antomatic  notihcations:. +2 accu ois Sidhe 4 noche ae 486 (114) 
local non-automatic recording systems.......... 487 (115-17) 
SCA ASINSE SY SLCRES 3 hrc gc acs aie wd asin hi tas coed <del 487-88 (118-22) 


see also, Alarm valves 
Automatic sprinklers, gate valves 
Dry-pipe valves 


METSUS,, OULSIGE HOSE, « « 0.0 a.cueiass aie cima sid eyalel« eae oeRiaoinld’> sisisle quail Oe 
WAR C EIRILANS Mat. onesie di ofs oltele ptaisiara\sielanalere ae eseid mca aaeel ripipneen Tela 
ree NANG LOSES aS Siero oleic da Od acct deen eee india «edn aueynuas 498-500 (176-89) 
UAE meee PEPIN ol CLADIC),<.c(s <.0 0/2», 2(u,5's'oio1n tin nigel valerate Rates 729 
WALGER GUD DEVE sie cree aicis e/ 6.3. 3 rah ses 311-12 (15-20), 462-66 * (14-19) 
Wational "Board: ratlesen gins «ejnete ® juris casita s oy0 540--50 (61-66) 
PUpNGeCcONnNeCHON. oie sa «airtel «cate + 322-24 (62-66) 


see also Open Sprinklers 
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Automobile factories, topical list of fire dangers....... nies Ha go Ore 133 (78) 
Automobile fire apparatus........++-++++ 297 (24-25), 282 (33), 289 (53) 
PUMPCES. cog odio vio oldie da Fede oale ciale siaclenies Sese de seveesese 285 (38) 
tractOLs wc cieraas sere wavalarasd sabes Auten ds IO sane 
Automobile repair shops, see Garages 
Auxiliary fire alarm systems......-- OT 620-21 (8-10), 623 (25) 
Gamewell Company, The...ccccccccceccsereereetreteneteneces 800 
Auxiliary pumps.......--+-sseeeeeeererees 340,* 342, 352-54%* (117-23) 
National Board rules........-eeee eee ee reece er eres eceeees 354-55 
Auxiliary squads, public fire departments.......---- Sn. duideles date (290 Nan 
BAKERS LINC eos) ar0\« 91s) e)ereinlaie) ohetnuslwles <\sieseisle'e Siete antes Se ee ee pede eral 4g 7G) 
B 
“’ Babcock ” chemical engines. ......++-++e+ee0% SE at ac eens - 289 (52) 
Bakeries, topical list of fire dangers.....+-++++-+-+> oe, aie aes 134 (80) 
Ball drip, automatic. .......-..seeeereeeeceersececs ices S73" S77 
Baltimore conflagration, effect on structural members......-- 167 (12-13) 
open sprinklers. ........-eee eee e cece eee e recente ceteeeees 613 (7) 
errr eee ren Merry rere cath 671 (6) 
unprotected vertical openings....---++eseeeere seer sree 202 (8) 
unprotected wall openings. .....++++eeeseeesereeeeeeees - 240 (28) 
Basement fires... ..cccccs cece weccssescscsceses 481 (88, 90), 482 (92) 
Basement sprinklers.........--eeeeeeeeee tree eee reseees 482-83 (93-07) 
Batteries, storage, The Prest-O-Lite Company, Inc...--+++++++e++000e0+ 843 
Battery lamipsessscavers Guess see ve os cease shoes Sebme mamoinsise sis ona SEE 
Beam, effect of fire on doublestick.........++++++++eeee> 194 (10), 195* 
Beams, fire resistive construction.....-++++-+see re seserrerereee 166 (8-9) 
fire resistive COVEriNgS... 1... eee eee ee eee eee ee eeeee 173-74 (31-34) 
amount required. .......ceee cece cece eect eect cece ee reees 188 
reinforced concrete.......ceee cree cece eeereteees . 176-77 * (39-40) 
Bearings ... ccs cece co cece cece ccvewercctesseeetangusegeaas - 68 (137) 
topical list of fire dangers..... Sige voteaeeene Laprise seees £20, Caen 
ELE AHiFteEs Stee nc be Ce deces stan atien Os Cves 4500s sins a0 asic was he Ons 68 (135) 
Belts, enclosures. .....eeeseeseeeeeeeeeees Re Rie ernie eee 157,* 206 (20) 
fire dangers. 2... .. cc ee cece cece e eee etter eneenens 67-68 (132-35) 
topical list of fire dangers....+.seeeeerer erence rete eterees 128 (21) 
eri 201 Marre te ce ae wees tinier SSS same, w CMTE RIS 121 (18), 735, 736 (41), 738 
see also Nitro-benzol 
Beta naphthol. .........ececece esse esse eeereseeersecs sess ccnns 121 (18) 
Bicycle factories (metal workers), topical list of fire dangers.... 144 (119) 
Binding, topical list of fire dangers... .. +--+ seer sees ee eee eee 147 (127) 
Binghampton Clothing Co. fire, fire escape....--..-+++.. 650,* 652 (29b) 
Bitis~ for™ Sand sv. cloa wee ws we sisessenes sewvenns veasccues 453. (1OS)0 Samer 
for storage of waste, etc......-.+.+-5- SR Ae . 86 (191), 87 * 
metal ft one eb che et nes leven eek PEN RE te RRS SEATS eS Se A 
Diener, Geo. W., “Mfe. CON ee os Sige wie: s Suntialans Spee ee bOS 
Lupton’s, David, Sons Company......-- Seri aucs Menten RU RAN 


preferable to wood........ ahuvece.e.suecic vee wonete  SOCmECa 
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Blankets for fire extinguishing......... wees 436 (34), 455-57 * (114-16) 
classification of fire appliances...........-. ge aoe 430 (2c), 431 
Blasting materials, explosion temperatures, (table)........s+eeeeeerees 741 
Bleach works, topical list of fire dangers....... eect ays ne COME RGD) 
Blower systems, conveying... 2.22... eee eee eee e eect e cece ... 89-90 (199) 
Brea Ee a ere sic loys a sisteesi-is/s ache epleaieims = Sean iea ees 75 (158-59) 
topical list of fire dangers........ spousal a stdies ors open ste 130 (52) 
Boats, fire.x eee - os ss ~~ mais ei meal elas east aie na Sonesaberwioiats 287-88 (45-50) 
Boiler breeching......... Se eassim Ped 6 awe pete Seek Paiste aoeansjactete Mespapnds 53 (83) 
Boiler rooms, construction and arrangement......--.-++- *...51-52 (74-79) 
topical list of fire dangers..........-.+ esse eter eect tee eee 127 (7) 
Boilers, dangers from mechanical ruptures...-+-+-+--++++-- 108-09 (255-56) 
Boiling points of fluids used in the arts (table cist ie mnie oie aisnee 738-39 
Booster pumps........----ceeceeeercceees . 371-73 * (155-59), 463 (19) 
Grinnell Cuapcns Sy Se ae ores ooh albeea Fol ais rate aceasta siete ews olsmiets 400770 
Box factories, paper, topical list of fire dangers..... Meet eheseet ote vem 146 (123) 
Boyertown theatre fire.....---++++++- ey Se Sisto aati Sheth ois 2OGRK2) 
Brands, protection against......-.--++eeeseer reer eeeere ae opitdegkOZmkae) 
see also Locomotive sparks 
Screens 
Breakage of mechanical apparatus, see Mechanical ruptures 
Breeching, boiler.......--ceeeeeeeceec eres es cece rete ceenes Sere (Ce) 
Breweries, topical list of fire dangers....-----.+++++eeercee 134-35 (83) 
Brick, fire resisting coverings, amount required..... Pia ake Sateen sisbacseelere 188 
fire resisting efficiency....++----+++e+eeeerreeees 168 (16), 169 (22) 
Brick arches, fire resisting efficiency..---+-+---+++reererererseres 174 (32) 
Brick walls, thickness....----- eee 161 (2G), 162 (21), 196 (13-15, 20) 
Brick works, topical list of fire dangers...-.++--++++ererreeeres 135 (84) 
Brigades, see Fire brigades ; 
Bronze powder....----sereerecccccerereceees ici tae abo esye 119 (8) 
Broom factories, topical list of fire dangers...++++++++ererrsers -. 135 (85) 
Brown, H H., Dust Explosions, cited.....--.eseeeeeeeeeeererres 106 (251) 
Brush factories, topical list of fire dangers.....---+eseesereerers 135 (86) 
Bucket tanks.....----eeeeeeee cree ceees Es Pr te 434 (15), 438 (41) 
classification of fire appliances...+--++-+++eerrrrererereere seers 431 
Building codes...--- biswifoine see Sane cee Ca eledbwis onli wuiehniorelis saa 
National Sata an Fire Underwriters, fire resistive construc- 
tion, extractS...-.-sseecerereerrceseeee 186-89 (59-80) 
mill construction, extractS...-+++eerersreres . 195-98 (13-35) 
Building exit code, horizontal CX1tS io on omaeteaes Sorte esthe is hate taiete 644 (6) 
specifications for outside stairs....-.sersccsccrcceceece 652 (30-32) 
Buildings, combustible BAAIIONS:«/s\-.«»ivralemisettye aebialWaniecgmmetts 163 (3F) 
combustible construction....+.+++++++++ weceeeeses 208-09 (31-38) 
design of new....-.-- cera aires we sre a OLA paige (12-13), 157 * 
fire protection, planning......cceeereererecssenrteacecennes aaa Ser 
fire spread, danger..----+-++++++++ ie ces rey ary * (14-21) 
for documents...-.-+++-eerereeee Prices siecids os < \eadiactte Fea936O2 C12) 


jdeal construction.....-++--+++++++ seg uals VE oryeraelicc on 1540557) 
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Buildings (cont.) Page and (Paragraph) 
improvements .......-eeececcccccccesese 154-63 * (8-21), 200-12 * 
plan for a group..... Sheek SRB aeaalete ate of Mera ersta ato gt aioe ae 1S 


see also Dwellings 
Fire resistive construction ~ 
Mill construction 
~ Reinforced concrete 


Bureau of Mines and the Underwriters’ Laboratories............. - 27 (8) 

Bureau of Standards, fire tests of building columns...... 183-86 * (56-58) 

ational (Klectric Safety Codei27 ss s2taees yous 9 (6), 31-33 (12-14) 

Underwriters’ Laboratories and...........c0cceccsssceseccs 27 (8) 

Buarlaps StOLra ges sweets at severe <.vidie' ato lovwis cla dae he Seeing as se tam eCdne 86 (194) 

Burlington Building fire, unprotected wall openings........ Cae reqo eS 
(& 


Cabinets, see Filing cabinets 
Insulated cabinets 


Calcium carbide...... aietateteh thelis ale erat tele atetelonie niet sts sceceee ete ee ag kSQ—-0G) 
Union Carbide Sales Company.....2. sees cote nena 844-45 
Calcium chloride, non-freezing qualities.................. 439-41 (46-53) 
Calcium: chloride ‘extinguishers. 32%. shee See eleeeenc en 436 (29), 448 (83) 
classification -of* fire appliances: 2: 42... os0. > us Uwe ce bee ween Naeeeee 431 
Diener; Geo. W,. Mig. Cas.s oat tances oe med cetera 805 
Foamite-Childs Corporation. 22.002 208 we. Ake ee tec aee 806-07 
Proves Fire. Extinguisher’ ‘Caso. . ve celica eee cece Cee aot 808 
Candy factories, topical list of fire dangers.............e.0.. 135-36 (87) 
Canning factories, topical list of fire dangers<....osecclete cc. cut 136 (88) 
Car houses, automatic sprinkler rules: ..............0.. 554-55 (105-08) 
topical! list of fire dangers. si s.%.c0.0 uc ace cue eset oe cseecatene 136 (89) 
Garbon' dioxide? for’ refrigeration... .si.0A tik bccn ee beck Gee Cees to2 (238) 
Hazard when compressed ..id. cow cee Sek cots eek Chee seen 120 (12) 
Carbon dioxide capsule extinguishers, (non-freeznig)............ 448 (83b) 
Carbon dioxide gas extinguishers.................. 436 (33), 455 (111-13) 
classification* of ‘fire appliances: << ..42445.s0c5 006 uets Os eee SS aSE 
Carbon tetrachloride, mixed with gasolene...............0.... 100 (234) 
Carbon tetrachloride extinguishers............ 435 (28), 452-53 (99-102) 
classification’ of fire appliances? ¥ tees «7. alec sete te eee eee 431 
Badger Fire Extingtisher Coy csmccd ok Hoe re ae wae ee 804 
Diener; Geos Wp MPa. Go. Sores er ee Ce ee eee socere, BOS 
Foamite-Childs ‘Corporations i«< saci ee. s CAWR Vee. vee Oe 806-07 
Protex Five’ Extinguisher’ Coss. aie cen ek dale Ree ie erates 808 
Carbonic acid gas, see Carbon dioxide 
Carpet yarn mills, topical list of fire dangers...............0000- 136 (90) 
Carriage works, topical list of fire dangers..................-005 136 (or) 
Carriages, wheeled, for card -files, etc........ccleveecccccveccuve 667 (22) 
Carts, hose, see Hose carts 
Gasks, water si sccvd svcd cbt Ol ee od tence ees 434 (16), 437,* 439 (44) 


classification of fire appliances......... AUT a ae, JES Oe 4a 


a © 
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Causes of fire, see Fire causes 


Ceilings, metal..... we ae a Eee eaxclerorasatarotercreretetanternicarer Me aGME ce) SOOM CIN 
meta] lath and plaster..... go alate stale 6 75 (160), 207 (26), 255 (18b) 
Associated Metal Lath Manufacturers........+ SOT oissoceta eters 812 
Gement-Gun. ‘Companys . TnCic oc ois ones cow dec wololtiale atete Aaa eS) 
Consolidated Expanded Metal Lath Chinbaiies; The Braet oxe 813 
support of suspended...... abc MERLIN ee a wchd sreveleve PSs sieve 174 (34) 
TELSTAR eae Een en Oe a, ao 109-11 * (257-62), 119 (9) 
topical list of fire dangers: . 22.0000. 0% ceccc clacweltle cess 132 (70) 
Celluloid workers, automatic sprinkler efficiency................ 477. (67) 
ON a See ee 171 (25), 173 (30), 179 (44), 810 
Cement plants, topical list of fire dangers........--.--+..6- 136-37 (92) 

Central station supervisory systems, see Supervisory service : 
Centrifugal fire engine pumps.......... PTE i et 286-87 (42-44) 
Centrifugal fire pumps........ PEA ease Sieiaiein Rephewiet 362-67 * (144-51) 
booster pumps....... Sey oe arepel erat erocle a 371-73 * (155-59), 463 (19) 
National Board rules, extracts........-ecec cece ee eee eereee 367-68 
Steam turbine. driven... ccsqgedclec ce ova clnviccesisiogs ote eh GOQHEDS3) 
Cereal dust, explosion hazards.........-essseeeecrceeeseecseecs 474 (52) 
Cereal mills, automatic sprinkler efficiency......++++++eeeeereee 474 (52) 
topical list of fire dangers..........++-+ eS 85 do 137 (93) 

see also Shafting, fire dangers 

“Champion ” chemical engines......-- Aceh ee pilates Joy, te She 289 (52) 
ROAEE SHOWERS oe conc wio-0 5.4 spelese wie wna ode Sine 9.cie #\widnaboland lots SMD 292 (64) 
Charcoal, spontaneous combustion........--++++-- 73 Geeaay 103 (242) 
Check list, self inspection.........++-+++- Pn ob Te 657-59 
Check valves........ ree Dem 2 oe a rte COLI CEN I Oh . 409 (57) 
Crane Co,..+.+<<- dd OTs SOU Ad a OAs cide c xe eRe » sidan 786 87 
Eddy Valve Co.....cceseececsccccrceeerercnenees Ries clele «tb eetals 788 
Kennedy Valve Mfg. Co., The..sseseererecceees ee «verseloteletn ome 791 
leakage ee ae Oe can eee atte iokte ore eos eta take Sate 324-27 * (68-73) 
Chelsea fire, start.......ccccccccsrcesccrceceweersrssserecccrers 671 (6) 
Chemical engines...... 279 (25), 282 (32), 283-84 ‘gic; 288-89 (51-53) 
Badger Fire Extinguisher Co.....--+ Bhitte ots otal oidteld Wael ote cola the 804 
Diener, Geo. W., Mfg. Co...seeerseesccercrerees it's veneer oes 
Foamite-Childs Corporation. ...ccccccccrcctcceecerseuers ... 806-07 
Protex Fire Extinguisher Co.....- HIELO OUD. HATA A .. 808 
Chemical extinguishers, accident dangers..--+++++++++eerrreres 15 (43-44) 
" ‘ealcium chloride.....+.eesecc eee te ee reaeeeese 436 (29), 448 (83) 
carbon dioxide capstle.......ssceceeer cece cere rrerees 448 (83b) 
carbon dioxide gaS....+++seeesereeeees ..-- 436 (33), 455 (111-13) 
carbon tetrachloride......+--++++eeeeers 435 (28), 452-53 (99-102) 
classification of fire appliances....--++++++++sereereee bs stureeeeniaay 
corrosion as accident Cause... .sssereeerereeereereee eo Fe armetaa)y 
dry powder tubes...-+++--ereerereeeerers 436 (38), 457 (117-18) 
dwelling house use...--- gah’ ‘exeupiore ote Ie = sive «odie 255 (19-20) 
foam, automatic cans..... SreYaaIwarets «16 taxes wiibensee das (aa)eest (oz) 


engines on wheels....-+-+++++++esse> 435 (26), 451 (95-96) 
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Chemical extinguishers, foam (cont.) Page and (Paragraph) 
Haridey-a aie sel iene eemade < ow os w eivets aitelee4g Se G25 ia 5B) (og=aee 
Datla caste apc cies reo Riese we deaee ++--435 (23), 451 (1) 
Standpiper systems <<, « s1,<)<10.60,5's10.0.nsae 435 (27), 452 (97-98) 
system for oil fires........«- 425-27 * (92-100), 429 (a, b, e) 
hand! grenades joie: .c:scclelejc.o. eta ys qa eaPalels ee -- 436 (36), 457 (119) 
manufacturers— 
Badger Fire Extinguisher Co........e+e-es wt olan JSS e OOM 
Diewer) Geog Mf COs. cys withers sine cmionets ioe aeoeeas 
Foamite-Childs Corporation. ........eeee008+ nets . 806-07 
Protex Fire Extinguisher Coins. sclaseatew ~ tadaowes ae --- 808 
MONATEEZING Sco taker ccber awe salen aotadenks 436 (29), 448 (83) 
soda-acid, engines on wheels..............6- 435 (21), 449 (84-86) 
Ratid-ras:. eaigahenyee «sine «d atrebretae 3 435 (20), 447-48 (74-82) 
standpipe system..... acres awe 435 (22), 449-50 * (87-90) 
“ Sypho ”’ sprinkler system............. sass again mwawes 606—09 * 
SUPPLE OLA Gn. ee Mea ae es eau aimee dm ana Se charsiawiebeia ciate 432-33 (3-9) 
Ghemical hazards, freand accident... .ciisss. ecm semua. cee ..- 118-124 
Chemical plants, topical list. of fire dangers.........0 scale sceelesloms 137 (94) 
Chemical tanks, dangers from mechanical ruptures........ 1o8—o9 (255-56) 
Ghimney's® hic dain cree A ieee 8 a 69, 71-72 (144-48), 78 * 
OMS oie wiaiere cicis ew ais ae aa cic ans cee eR eNs aeistoe ioe eth ccpes CRED 
Cle aMINE Gs. 216. Gee ree Ge ele wale ORES ce WS S Ri ESR We eee 72 (148) 
topical list of fire dangers... ..0<««.<aatG ens «thee 5. oe TESRRESD 
see also Stacks 
Chlorate of potash, explosion...... ajo: nin sieitigntleraierwlavere wie ip Aleit 113 (265) 
@hiorates, 6 i205. sien UiGlaieha els te w Sule oS See os soe PRIS sake « 267) 
GHTOTING@) Re ceddiaweces Se SEL g e Si See cees 49 (68f), 119 (6), 735 
hutes) fire: protection 45. .cc uence © veces yu qc hea eeatCe eee #1206. Gz) 
Cigarettes ) see Smoking 
Cigars } Tobaceco workers 
Cirenitibreakensins. vie%s:cactes st.cderane ewe Nene ne miei eieemer SMES - 35 (24) 
Gircurts, electric, dargerSiakisw ccm cnage ea cate enka eae cas 34 (17), 37 (25) 
Circular outlets, theoretical discharge through (tables)..... acattahny g 700-02 


City water supplies, see High pressure fire service 
Water works connections 


Clay works, topical list of fire dangers. ...<.seseccseseses Adtewer tee USD 
Clean waste, storage and handling........... dabanae 85-86 (190-92), 87 * 
topical Jist ‘of fire, dangers: ...skawiek -Wveiwes ree wiv RiegeeRtets 130 (48) 
Cleaning, \reguilanity “Ofc. Wen suas te bots os ate ven s Meee 83, 85 (185-87) 
topical, list of fite dan wersici.c.s.cic.ecos.0.0:0 5 HUN CW REE a OR - 130 (46) 
Cleaning machinery with inflammable liquids................. - 98 (227) 
Cleaning windows, dangers of...... WERT iv nbawd dowetah aes 12 (23) 
“Clearsite’’ fuses, Economy Fuse & Mfg. Co...eccscccescuees piles oO 5) 
Cleveland;, S.. C.:disastrous : five. « ..\<.cxch.c dene SUreee ie ey Ser - 268 (2) 
Clothing, ashestos; for) fighting. oil fires.............» sswsise cee kie. 429 (h) 
firemen’s sucks ses Ts se «> ek Std bus Rial cep eT Sate - 420 (83h), 421 (Bs—7) 
OY A) shih aw coe eee Rananneonanenae eee sie SN ERTOUE. fares. GBS) 


Clothing factories, topical list of fire dangers............. tenes 57, COS) 


_ 
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Coal, distillation. ......0..seeeeeeeeeeees eae ceer ak site 12 igi (38-35) 
pulverized .......-+---eee essere wate rep) sie ane Mipiels oat S3uUS SCOOT) 
topical list of fire dangers..........--eeeeeeeeeees 127 (10) 

spontaneous combustion.........-++- oe ebay see . 104-06 (246-47) 
SEOLAGE 2-252. ec een ecco essen ees ewes esc ss eee 52 (79), 53 (85) 
topical list of fire dangers.......-- ws eesdeade a iepanaccayess apeenlt2 TaD 

nal GRID VES caer eis pp olpae peer ss ose r se sie nacine sais eke nny Cnr 7a toe): 
topical list of fire dangers....-.--+--+++e++se+e Shasjsrewere sion F2OMG3O) 

Coal tar derivatives......--+.-s.-+++8- Leh swe a Seayeiereis ht ... 121-24 (18-31) 
Cocoa fibre, spontaneous combustion.......--- ety <ajuphoduhockaet-le jnOQ) (245) 
Cold water paints.....+-+++++-+++5 srerbuts’ ate Be Teg eats nickotoe's afore 2E2anGAg) 
Collinwood school fire, attributed to steam PIPE sis «sis eewieais sere w+. 72 (149) 
fe. Wnssies > «oe ceceres eke soo 2 ssecer et. re Sess asic 204A: CE) 
Columns, fire resistive coverings, amount required.......+-eseeees .. 188 
application ....---++++++eeeeeeeererees 171-72 (27-28), 184 * 

fire teStS...cccccccercesescceeee® aid rebetspe sesie os 183-86 * (56-58) 
reinforced concreté....-++++eseeereers wees 175-76 (36-38), 184 * 
advantages of round columns..... Te gs StI 205 5 187 (75) 

Combustible additions to buildings....---- PO © mates LOSM SED) 
Combustible construction.....-+-+++++se+s wesee 200 (1c), 208-09 (31-38) 
in fire resistive buildings...--++++++seserrererrre a hanarnisno (03) 

in fire resistive office buildings.....-.-+--+++++e+rrsrererere 262 (3) 

of dwellings...-----++++eeseeretee <a pepaice Sisto ote) o aibietalaye’s = 2510S) 
Combustible contents in office buildings......--++-++e++> ... 241 (29C-F) 
Combustible cornices..-.-+++++-+sererre .. 162 (3B), 200 (1D), 209 (38) 


Combustion, spontaneous, sce Spontaneous combustion 
Common fire causes, see Fire causes, common 


Compressed gases..----+-eereceecserstecserensceees 49-50 (68), 120 (12) 
Linde Air Products Company, G1 Se Se OO TO o stleepeee OA 
Oxweld Acetylene Corporation. ...++sssseererccereres reser. sce 842 
Prest-O-Lite Company, Inc., Te sd cieioncss 395= ecient sgn on.542 

Concealed spaces in buildings....-- Kote’ @ helere 200 (1b), 207-08 (22-30) 

Concrete, fire resisting efficiency.....e+++-+++% Sa vate |LOG CLT) et 7OmMaAD 
fire resistive covering, amount required. ....eeeeeeeeeeere Rie, or 188 
repairing -.+++serrersrreer’ eowseee merida 5a 'sie O18 - «wide eG alts GE5D 

Cement-Gun Company, INnc..-+++-+ere+e2ee00% BORO ATT See 
see also Reinforced concrete 

Concrete gravity tanks...--+++--+++- aber s Pee ori cr OES) 

Concrete reservoirs...--- ews Flac uiiciaye CNT aueesa uy 1d CORES, (185-86) 

Concrete valve pits..------ She jae he deti daieclons: uphiee BSe, shen mane 

Confectionery factories, topical list of fire dangers......--+> 135-36 (87) 

Gradegration hazards..-.% 54s = ~ah4>ore 3s ba ses sapbre eet 669-70 (1-3) 
remedies .---e+eeserrrrre gee cee Se PAPE OOO OOD 670-72 (4-14) 
fo sprinkled plants. ©. ..0cac2seee case see nncns ste mieness 155 (11) 
unprotected wall Openings, ....6-.ssecereerseersseeens 241 (29-31) 

MetigernuiorL L0ddear >> cargo r ces ern ppr es aerégiciins rhe renn te 28 (2), 30 

Conflagrations, effect on structural members....+-++++++seere0+ EOFs ka) 
in the United States (tabulation) ses. eeseeee center re tere sess . 669 


spread by wood shingles...2--++++-+s++e+s09" . 217 (11, 23), 671 (5) 
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Construction, see Buildings 
Fire resistive construction 
Mill construction 
Roof construction 


Consulting engineers, Independence Bureau..... be ote H 6 Se PORES ca Oee 
Goriveying; blower: systems... ...2.ss0csssvectsecss 89-90 (199), 130 (52) 
Conveyors; « enclosurescaoas Oasys newtiinrh eC eee de doce aitentes Jae 206 (21) 
Cooperage works, automatic sprinkler efficiency.............. -» 474 (53) 
topical--list: -of -fire. dangers... 20202068 SP ae ones 137-38 (96) 
Cordage works, topical list of fire dangers..........seeeeeeeeees 138 (97) 
Cords, electric appliances, accident dangers...............2000+ +» Io (8-9) 
fire hazards..... eT Tere Ce vecte 40 (ga) 

Cork dust; explosions.+.ce. sh cee = sO Crean « oro hl t= AO eee ee «e+ 474 (54) 
Spotlttaneots *combustion ./.o3 4011-13 dy ovo eteeins Pate aaa 104 (243) 

Cork factories, automatic sprinkler efficiency............2.se00- 474 (54) 
“Cornell-Derby ” non-freezing standpipe system......... s/s Sa wnlaeggG: Crap 
WG Cornelk Combany.:. 220 te eed «0.4 Ue et ce Pe ini: 
Cornices), conrbustible.4.%24..240%% ese . 162 (3B), 200 (1D), 209 (38) 
COMME Tithe: «1 F3.2 . PHA. car hol eerste wales caclsiaie See Oe ae 159 * 
National -Board: rules, citeds< ¢:<s< + spe dss dees Oooo « 217-18 (16) 
Stopping «Offs unk 22 sos oes wee selec PUR SI eRe Oe 208 (27) 
Corrosion, automatic sprinklers.......... 493-96 * (152-59), 551 (73, 75) 
chemical extinguishers, accidents from...............00. 15 (144) 
Corrugated iron, asbestos covered...........eeeeee 213 (3-c), 214 (4-c) 
H..H.. Robevtson' Compatey ri So ocd ee eet eee eee -. 826 

Corrugated wired glass............ 213 (3-H), 214 (4-H), 244 (43, 45) 
Pennsylvania’ Wire Glass Company. os...cusververvecvccevceens 824 
Gorrigated’ Zine icc dias nd dec cas Rieu mee ees BOARS 213 (3-g), 214 (4g) 
Gast* Ofs-accidentas: ian viee-aticn vn'es sStt eee ea Ce le ORLA ee 8 (2) 
SOst~ Of; fires waste sc J3.dc de dy 6gde Ros. eRe eee 1) -(2)28'""(G)> 30 
Cotton, Safeguarding, Against Fire, cited...........ccee cc ccece 24 (14) 
Cotton mills, topical fist of fire dangers: .; ..tedewe oe cee leekiogees 138 (98) 
Cotton warehouses, automatic sprinkler efficiency.............-.- 474 (55) 
topical’: list: of firey dangerse.ott is <s.ssaneocesss eres ee +--+ 138 (99) 
Cottanseed!* O1.%. 5%. ean AA Towel ee bate EEE 740 (44), 741 (45) 
Cottonseed oil mills, topical list of fire dangers............ +. eee, Teg Creo) 
Counterbalanced fire doors........ 12 (25), 224-25, 226 (C—E), 232-33 (8) 


Couplings, see Hose couplings 
Coverings, see Fire resistive coverings 
Roof coverings 


Tarpaulins 
GY EOBOtE UN ron recs ta hilete titer a hce tear RICA IG ORR NOR RS AVN rene Sele RTE GED 
Crows Bars shot sccieia'v state stelalyietn clehoturol af oletelet ett creisttvoee one Sens Tn a 414 (76) 
Cupboard’ .5.55,..1% 04 takai phybe ha bein & RRR EER cee He 88 (195-98) 
topical ‘list of- fire: danweres «ca. 4.aceeere CUCe yen meee 130 (51) 
Curry shops, topical list of fire dangers.......... oe RRR < 149-50 (136) 


Curtain boards for automatic sprinklers......... Besa tc sie $27 0(3) Saku 
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Damage, protection against water............. mr arere aera ateta “o -. 458 (122-26) 
Dangerous substances found in manufacturing plants............ 118-124 
Pleas OE. ne Soe a wpa by Rees temcnet® “eu daaehe Sin aa NS Re ee Giea) 
1295 (EIS eR ee Sec ern en Pee apelcleve oes 204 COS) 
Deluge valve, “ Automatic”? Sprinkler Co. of America..... tis eee, 004 "—05 
Department of Commerce, building code committee........ Sno ere? a) 
PIAERBOTIE, SEOCCS ons. 5 ware oinic:s ss sje aeiele selete pile p © aprieete jeeescis 248—50 
topical list of fire dangers........ agentes seer > ee Salatckve svi X3ON CIOL) 
“ Derby ” fire door release box........ ee ee 237 (21, g), 239 (22) 24) 
American Fire Prevention Bureau, Inc......c.cceeecceecceees 796 
STI Te SETTING] ~.<.0.~ 2 n:00sclpiiie aise. Prox \cistensus(cisiainiatae aes 629 (44), 630 * 
American Fire Prevention Bureau, Inc... 0.20000 cee cne vee eie «6 706, 
PRIPH EOL NEW PUNGWNES. 5 sins ae a1<'s'= sions aise clsla a erat 155-56 (12-13), 157 * 
reierins sieters. Mersey.” acing 51s 6/o/sja = atiane ajeieeeie eth 331-33 * (83-85) 
Hersey Mfg. Companys ais. «ainsi» sii = /ie 0s 6 ja..n.n noose sal» olels fone 790 
Diamond Candy Co. fire, trap d0Or....-.cereeerecceseces 648 (27), 649 * 
Diesel engines, see Self-ignition- engines 
iba SS Ce ee eee Sie erates sw ete chet notes’ 9 pg siesaliasetolerofele 98-99 (230-31) 
topical list of fire dangersS........---.--eeeee cere ree eeees 131 (60) 
Daatillation Of COA. sos 6555 osc cc ewe ceca accesnsrce sessile 121-24 (18-31) 
Distilleries, topical list of fire dangers........-+.+seeeeeeerees 139 (102) 
Distributing mains, see Pipe 
Document buildings.............. Fe I EPI ORS OPED HO deh tu662° C22) 
Doors, should swing with travel..........-eseserereeeeeees io Shr T TS) 
see also Fire doors 
Hatch doors 
Panic bolts 
Trap doors 
Dormer windows, National Board rules, cited........--++++ ssierere (16) 
Drills, exit..... De Mee ar x Seo a eid lat ee eid we DESLS Sao FNS 0 Molo .. 653 (38-39) 
Drip pans... 2c cece eccccc csv ecceccencrecrrnsnceecnesens 86 (193), 95 * 
topical list of fire dangers...---++-+-eeeereeeeeeeeees seees 130 (49) 
Drug risks, topical list of fire dangers. ./..--+-++++++reereeeees . 139 (103) 
Dry cleaning...--...+++-++. oie my aiere: <tecaie REE Ae eT ee 99-100 (232—34) 
topical list of fire hazards.....++++++eeeeeeereeeeeeerers 131 (61) 
Dry pipe systems, care Ok ats tuisiocten Sate ctattadctdentas saptambistet 577-79 (31-33) 
efficiency ...cscecccecceecscscecereeerenrereeees 574-76 (12-21) 
National Board rules......-cegecscrcccensrevecccssserses 583-86 
SIZ Wags Tara re Nata ciate Aiea ye a Oi Re wie mi 575-76 (16-21), 583 (48) 
_ Dry pipe valves...-.seeeeereccererssesesseces 570 (1-2), 571-73 * (9-11) 
ACCEIELACOLES wlats,ois Gta,s oni soie aieco1s mae)ars torava sonia 576-77 (22-25), 599-602 * 
Globe Automatic Sprinkler Company....--- ae aes sees 3 TS 
Grinnell Company ..csccccceccccscevsceees VOM «9.Nie TT 
alarm connectionS......-++er cece cee esnrereeeeeee . 558-59 (11-13) 
back flow......---- RE Ae CORE AO IOC IO OL crc 580 (36-37) 
by-pass connections....-.++++++seeer eee ee reser eeress 577 (26-30) 


differential ...... Be. ore Oe Scare mt See 579-71 (3-5) 
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Dry pipe valves (cont.) Page and (Paragraph) 

enclostires, Yaxthdtysia ins 3555 cG xe eiiciaies sherds. 572,* 580 (38) 

field. testa: (.:3-n120agas ad CVs oe eee foe ete 580-83 (39-42) 
manufacturers— 

“ Automatic” Sprinkler Corporation of America...... 768-69 

Eire. Protection Company idl do tiee ne eee 772 

Globe Automatic Sprinkler Company...........+.-- aroma 

Grinnell: Company® 2308 ee ar ane ne oe ae 774, 777 

PRPs «Companys ® Lier ic 5c58i did. ic eee . 780 

Rockwood Sprinkler Company.........20.-ccececccceecs 778 

U.S: Construction Companys...) 22. ele <9 o ain a 

Vogel, His G.,iCompany tists oe he co cs.c tc ee tee 783 

me chat iCall Krcreraretaisietertalata whe state ahlastoe. Ge oe eee eee 571 (6-8) 

SCLIN Sieh e ato sx se eH Y re eee et ee 579 (34-35) 

TY POSES Gohe. Saerny aerator 2a Paccaa eons ose Cee tee 582,* 587-605 * 

Watert-hatinier: .aa.comomaac ase’ fetesectott nee 580 (36-37) 

Deyn POW Ger: tubes iis: .yarsteisre stare erecta pare. Gee ae 436 (35), 457 (117-18) 

Classification, of -fire appliances: 2 220). Ges et eee 431 

BS yeerrObiacte cae srciacoe ce Soe og s le ioe Cee ae eek eae eee 19t (4D) 

DUD RW ASCITES: ,<, + a1e)s's.0cate «ae en eee EEL eSE SINR RE eee eee we 206 (2x) 

TD SteeX DO SLON Si yoss,wsafsia:acal fiers eeercnoets's oe BRR ee 106-08 (251-53) 

cereal, qmills. ..ccs.cew se ons faciee ata aneT eae ete ee 474 (52) 

COrk: factories an0.6,0/<5 310 da,0:08 sah eee ee tee ie ee ee 474 (54) 

MG UE, MING gs: wic;a/s,t4c-a 0m Seven dares > Paes eae eee ee 475 (56) 

SEAIN CLEV ATO Sic erence otarentetad ats ie re 107 (252), 476 (60) 

Nike Wo ssi. .cha one hie ars Hein Raho detdd Hoe ae te wees Tee 1o (13) 

sawdust vaults.\.< 4.0.0 .a.semine eens «Salas eee nee 479 (80) 

starch: factoriesiic«<ssesreie S cniowarce a eee - 107 (252), 478 (73) 

SUIPHUE § saesreras.o' aut wale salves emlsle ele eAe Een ea 119 (4) 

Dusts, blower system for conveying...........-cccccccceuce 89-90 (199) 

industries: producing (fable)apee.s oes es eee enen: atee eee cas One 107 

fopical, list of fre. dangersesac.cesceeesse eee eeeene Seen ce - 132 (67) 

Dwelling: codes, cited acum. tern Mescenncee  eeeaete Saas 247 (5), 251 (4-5) 

Dwellings vs Rasicatwcnccevie nya hate uk eee eee eee 16 (48), 251-56 

hob, ate. heating sw... vuarsraesa woot Coeeee oe Ok ce ae 75-76 (160) 

Safeguarding the Home Against Fire, cited............... ~ an Urey 

Dye works, topical list. of fire dangers.....0dgeee.cv,. 0. oe ee 134 (82) 

Dyed goods, spontaneous combustion. ..........0eececcececcee + 104 (243) 

E 

Beress) Ff .ase3 Pew euwhe 5S han wT RAS pina eee eee et ++. 643-53 * 

from) department: stores, . nice sawn eee eae ee een 248-49 (3) 

dwellings 1... deecmer of 4 Wie DOR SR Aen WAGE ORI RIS Bele 256 (26) 

office buildings. <.c.c00s ss cuss cOeetied comer 262-63 (4-5) 

SCHOOIS, 0.5 awaiscdsin sev iey = s Mitie etc ys cn eee 265 (4) 

theatres’ << vck.wis/ cine erate x opephlerevel tv a eae eae eee 269 (7) 

DOV OL TA I! ves «, Sx aftr of <ferueeeearene ene ine One +++ 644 (6), 645 (11-12) 


Electric apparatus, grounding..... angie 1 Wis rae RA SES veeveeee TO (9), 38* 


— 
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Electric appliances, domestic. .......0s0.esccceescenes tek <a AOMASIH—32) 
inspected by Underwriters Laboratories........ bicieacieee + 33 (15-16) 

Electric car houses, see Car houses 

Electric circuits, dangers. ........--..--«.«. ohes slartariegeicraya 34 (17), 37 (25) 


Electric driving and control of fire pumps, see Pumps, electrical 
driving control 


Electric (Fire) Code, National. .............ccceccecceescere svecaQley GEE) 
Bilectric) PENETALOTS » 6.0.5 6< oe 3 < win aoe epesieimicla» v40'sh0/0)" Sa/bte 34 (18), 65 (121) 
extinguishing fires in... .0.. 2.2.0 Jeseccnccncees ws. 455 (112-13) 
Electric heating appliances, topical list of fire dangers........-++.- 129 (38) 
Electric, lamps, pares. .)2 «'s« hee te eh ee Se en torte) (383m Onl gO) 
attery ccc ex's sos 2 < nels onlhe oe eons oie g's ce 'inleo2s ett gsts ake 51 (71) 
incandescent ...-...20.--ceescceecceccscercns 37-38 (28-29), 39* 
Wlectr sce ANOLOES: & Sc oo eceiea'g's 2 = = <'n ie ne) sles sata aise = 37 (27), 65 (118-21) 
Electric pressing irons......----.-+e- sees tener cee cenes 40 (32), 127 (14) 
Electric railway car houses, see Car houses 
Electric Safety Code, National.......---+.+++e-++4> . 9 (6), 31-33 (12-14) 
Electric soldering irons........--2--ceeeee cece rete eeee eres eens - 40 (33) 
Electric switchboards. .........cccceccenccceeccccercvecs Masons. 34 (11) 
Electric switches. .......-..ccccccccccc cece cnenserccenenress 34 (20-21) 
accident dangerS.......2---eeeec eee e sence eeeeeneseceeerees 10 (7) 
Electric transformers. .......2eeeecee err ers rece een ceeeres 35522) 36 
Electric wiring, temporary...--+-++++eeeeees er a ae ai btnsha 7 G26) 
see also Cords 
Electricity, accident dangers....-.-++++++-+5 g-10 (6-11), 31-33 (12-14) 
signs of fibre, Stonehouse Signs, Inc..++++++++ererereeeee 8o1 
dwelling house hazards......-+sssseereeereterrseeces 253-54 (15) 
fire CAUSES. ....-2c2 cece cccrceece 34-42 (17-37), 253-54 (15A—D) 
fire prevention. .....+.--seeceecerccee eter sssetetcces 31-34 (9-16) 
topical list of fire dangers....-+-++++eeseerees 125-26 (4), 127 (14) 
see also Static electricity 
Elevators, fire and accident dangers....-.++++eeceererrerrereres sirayihes) 
MF EKCOOLS «0% rid:oe ake vow ee 224—25, 226 (C—E), 232-33 (8), 234 (14) 
Ge IONS Te Aslels oie io: eles ciaie’eiei= ololewy elm © muslale’niln90 0:0%e\)0) 0: 0'n. 6 sie. 648-49 (28) 
trap Goors...--.+seeeeeee rere? Saree Biel essiaueaniels. 0.05% 12 (25), 205 (17) 
Enameling ovens, see Japanning ovens 
Engines, dangers from mechanical ruptures..... weveseese 108-09 (255-56) 


see also Chemical engines 
Fire engines 
Gas engines 
Gasolene engines 
Kerosene engines 
Self-ignition engines 
Steam engines 
Equitable Building, N.Y., fire spread by dumbwaiter.....-.+++++++ 206(21) 
Escapes, see Fire escapes 
Esty automatic sprinkler heads, H. G. Vogel Co...-..+see0ee- pets ctae ak 783 
Ethyl chloride for refrigeration.......-- IP RN ae 102 (237) 
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Excelsior, bins for 


Diener, Geo. W. Mfg. Co.......++ VEG E a tate core dee nee mee get ys 
Lupton's, David, Sons Company veete«des ots ts tdee staat cen . 819 
BEOLATE Fs esata’ Fevervl ot ator ctatel ata atatalatelohataichstelctwala aes 86 (194), 253 (12) 
Exit drills. vies. HE Ciel tie NG 2 Saedie ae adic arerete atte 653 (38-39) 


Exits, see Egress 
Expanded metal 


Associated Metal Lath Manufacturers. .........2e2eeee% ous stole 
Consolidated Expanded Metal Companies, The...........+.-++ 813 
PAT EItIONIS. «stellate ieee a Pe OTR RR ei Per ee se ea 208 (32) 
Wxplosion hazards:2. s2:5i.2esedeeees tebetesceeeeasuenes 106—09 (248—56) 
MASHMELELBS5.4 44 3:5 o Sraegaitarerh ous Sin Bek Se ae Malai sie ee em 80 (174) 
Felrigerating systems pes Aciddeae Sodas cet eaee sees 100, 102 (236) 
SMOKE" cvawi’e ooo cites ves ededw sods cease bos Fees 1s8 (1-E), 162 (2H) 
topical, listhof fre dangers.i7. cis dc view clelcieletes'ep ew eed .. 132 (66-69) 
see also Dust explosions 
Explosives 
Gases 
Japanning ovens 
Sewers 
Explosive range of fluids used in the arts (table)......... PPP as = 738-39 
EPLOSIWESSE cack wenn a stdale «MAS ES Oe ERAS EE UN bac Wee MUU 106 (249-50) 
blasting, explosion temperatures (table)....... 050) .ccc ccc eee 741 
HIGHS iste via isle cvatenes cinrs's epasiate oe olelance Sie ks aisare ste 124 (30-31) 
topical thist \oF “fire idangerS..<<% \nkn wn na teoeen ee tence 132 (66) 
Exposures, general treatment o..0se cs. dees eee oaae ee 152-155 (1-11), 157 * 
protection against, mill construction. ............ee0e008 196 (16—19) 
Expostire fires,” Atlantic. Building, Chicago o.<icsc.scasseceu eek ss 194 (9) 
LOSSES Os iT sere news EN Et Se drew dine wie we Lk Ate SN 28 (2), 30 
unprotected window openings........... GeNee ite Seek +. 240 (28) 


Extension cords, see Cords, electric appliances 
Extinguishers, see Chemical extinguishers 


F 

“FF. P. C.” (Fire Protection Co.) alarm valve..... stews ade Sees 568 * 
dtyrpipervalvesscncicannncetilewh oy Wemcucddeh ies takes 597-98 * 

Factory Insurance Association, specifications for mill construction, 
CHEGGinin ©0144 he wie We tis ere new «ek CEI Ohh eee - 199 (36) 
PeuaGtrOlULe. sPlaeG, v6 buena ees OMe Poway eMC x drat ile BIR « Sates 244 (42) 
Mississippi Wire Glass Co........ Ree a ee Sate Ravecieeaeene 823 
Palls) of “materials, accident dangers... ~~. oacemenmice eee ene rr (16) 
Hallevof people: from roots. onc. ven ee oe ete ; sete Wore ec cen 11 (17) 
Fats, relative tendency to spontaneous inition (table) saihivontaxw kms. 741 
Federal Reserve Board standard vault construction..... wenn. 16625 Grd 
“Feralun ”’ anti-slip treads, American Abrasive Metal Co...... sinks Ree 
Fertilizer factories, topical list of fire dangers........... ahve RR 140 (104) 
Fertilizers, spontaneous combustion........s.s.0c«ccceveevess - 103 (241) 


—- 
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Field Practice, standard inspector’s guide........-seeeeeeeeeeeees 20 (12) 


File cabinets, for safes, Tie Meilink Steel Safe Co...... ci sfsisid ee IOS e= 30 
Steeles, chs vaca Seen imines aia ee NOOO PACED) 
WOO. sGSts esos Setnaliaiienieig eis wiesie “ 667 (23) 
Film handling and storage..... Sessions Moreton’ 1og—11 * (257-62), 119 (9) 
topical list fire dangers..... Socecbeasae eRe sxsierete sretaemuate 132 (70) 
Piss I AGN oe 6 Ge souks = a chars Hine oon BS 0 9195] ,0) epsiin ennai ne ekoporaeketia’ . 85 (188) 
Fire alarm systems, automatic........-.--.eeeeeeeeeeeee 626-38 * (34-50) 
Aero Alarm Company.........eeeeseeeee eae sepsedictapeas Seco s 6704: 
American District Telegraph Company......seeveeeeeeee 795 
American Fire Prevention Bureau, Inc......+.- aiete erate = 790 
Bese Detection, S€TuGle ws cos} cele oat se nlee's pehuy wren © 799) 
in dwellings....@...... {SoS oe Cra oe 256 (24, 26F) 
BUXUHISEY) wrk .5 ok orwen ale Pore slpiote oo. ap sole os c.e 620-21 (8-10), 623 (25) 
central station supervisory systems......-+--+++e++ 623-24 (26-27) 
closed circuit...........- Pg ET ee re OO 622-23 (15-24) 
gongs, manually operated...-...-+eeee reece reece er ereeees 626 (33) 
in department storesS......-+seeeeeeeeeee SR Retr ane 249. Cg) 
in dwellings.....---cccecescvccscroseccecetescmememes cee 256 (26f) 
egg SOT OO OS Mie Meee i TevaicWe o-for eye seye,a.0.0 1: «o+ 265 (8) 
Jocations signals, «oss os. + osey proce M2 ass Ree ee eee ees 624 (28) 
manufacturers— 
Aero Alarm Company ..cccnccescoccccocscceccrcrcceses - 794 
American District Telegraph Company....+.s++se0 aie al OS 
American Fire Prevention Bureau, Inc.......-+++> jis ein see 
Fire Detection Service. csccccccccevascccsvcevcrscses siafets 799 
Gamewell Company, The.....-.sseececcesceccenvers seine DOO! 
Holtzer-Cabot Electric Co., The.......eeeececenseees af cS 
SMSIICIPAL Me eines» cis ors sieelei ee» wiatoeree 305-08 (93-103), 619-20 (4-7) 
open circuit.....-.+e++- ey ee 5.» 90:3 ousvaynia slate 625 (29) 
PTivate ..-ceeeeeece o 6ake. wef je meep asin sisielncecceese 621-26 (13-33) 
telephone .......--- a aeeee ee eempiated 306-07 (101-02), 621 (11~12) 
WOHIStIGRE oc veenrss.cos sep Peer rates terse or oeee 625 (30-32) 
Fire apparatus, see Fire extinguishing apparatus 
Fire Waats. asc cess» osise Ss loamate Me eat oo ee . 287-88 (45-50) 
Fire brigades........+-+-+++: acxiaelapereph atime . «++. 416 (80), 418-20 (81-85) 
accident dangers........+-+ So aia ee ETO oo eSaitis 0 67a wtb alee a 16 (47) 
drill alarm Seategie. 3.65. oe a OREM A > ao » 0 'b-0. wind Nee 622) 616) 
American District Telegreph Company... oiatastese ian 708 
Gamewell Company, Theé...-..seeeeescceee 1ohiiue ised. BOO 
Holtzer-Cabot Electric Co., Thé......ccccceccvevccceecs 802 
equipment ....-. eee ee eres aT as\> «0 6 viaaee ents ++ 420-23 
see also Fire departments 
Fire causes, common........- Abert PO Ae As a.0s' atwwrtiecs a9 voee 28-1 
topical) list... .0%. s«+ EGS Goiccevsy o> T25—39C3—74) 
special, topical list.....--++-+esseseseeeeeeceeoes 133-51 (75-140) 
Fire department connections........-- SIGE IATD std minis 016-0 355-58 * (125-33) 
National Board rules......... RID. «ie <aide napa e wales 357 
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Fire departments, (public)...........- bake Sere NS RIRLREM 270-72 (1-3) 
distribution of companies and apparatus............ 280-82 (28-32) 
Chlistinent dhatycc doce seems ere dedednedad ade bhaan ee 274-75 (13-15) 
equipment ........ ee trois, sels) 282-99 (33-80) 

Foamite-Childs Corporation. ..sscssscsctscecsvecsec .+- 806-07 
investigations by National Board of Fire Underwriters...... 271 (3) 
OT SAMIZALLON + ate earata'atorotore v'oro!oMetoets «++ 272-73 (4-7), 276-80 (17-27) 
paid ‘om Fdall As. oo rter te ca nseetelete TA otter 272-73 (6-7), 423 (86) 
PAL Cs Paidrererkelanaictolststorclois’ Kotwtsleicle data 272-73 (4-7), 276 (17), 280 (27) 
PFOMMOLONS 121.25 tele ees oS RTD wees Fee Sees, Ste etaee ate 275 (15) 
retirement cs ¢2 cob dee eS ae SESS TTS. MET, Sees 275 (16) 
SUPEEVISLONS Ho tio hac d Aerial A Sas cle se tel euaicl ele die esata ys 273-74 (8-12) 
twig: platoon systenisey savecccde des ascaaeee bceaeeees 277-80 (20-27) 
VOMINECEHS ciclote eek «toes @ Ss  Aieloree 272-73 (4-7), 280 (27), 423 (86) 


see also Fire Brigades 
High pressure fire systems 


Eire? detecting wite system. 2502226 6123220ebs eease ces 629 (45), 631 * 
ISS SQOOT Sia resstalehaMataratetaravera terete" enoratarersteveve'atebetate"arerw erent saree chante eee 223 (5s) 
accident hazardssctis< s2eetess 086 be eee ebR Lats oka Soe ees 1r (18—22) 
BPDPLOVE CAA. Tatiele" sterctatetotate”enctetat ore Paratats atettetalainiala ste'atctaleletcie . 234 (15-16) 
for «different situations: 0% s<<<02ss.<.staseeee 223-30 * (6-7) 
automatic’ closing -GeViceSss<..s< 0s evess ctsees sek 236-40 * (20-25) 
accident dangers fase Gen eee tee ee ee eee 11 (21-22) 
American Fire Prevention Bureau, Inc..........0. ec ee eee 796 
“" Automatic”? Sprinkler Corporation of America........ 771 
eatiges of failure foc vee stardcstae tom ee oe eee eee 158 (2-B) 
construction (datasés.ss<s sléSagele es Mee th cass ee 229,* 230-33 * (8) 
counterbalanced .......... 12 (25), 224-25, 226 (C—E), 232-33 (8) 
exterior: walls dic. de a tate lela wre tuteheta hohe totals eaten eaten 240 (26) 
fusible links: <4.02%s e488 sa4e0 ears 11 (22), 236-40 * (20-21, 25) 
Rockwood Sprinkler Company..........ceeeeeeee Sie 778 
goodand) ‘bad! ‘typesiy se. 5 fess etal s Bae Soeewe 6s hea. Bee es 227. 
Beards. (cc cscs rises ci ctarsee SeEstee os Saw RRREESAR 223 (4d) 235 * 
HARAWare « scaiee s.oscah Vee RE Ree weeeee 231,* 236 (18-19) 
Kinnear Manufacturing Company, The.......... sce ClE=T7. 
Merchant’ & ‘Beans ‘Goatees ele oat order eee e Oe ee 820 
Peters; James’ & Sonsios cos is cvareters OR a eee eee eee 821 
Wiison, J. G5 Corporation, The. v.15 seven eet eee ee 832-33 
Installation +a «ane SFP ie eee ie cote Oe es 231,* 233-34 (9-14) 
manufacturers— 
Kinnear Manufacturing Company, The........ Rts Baie 814-17 
Merchant :& SBvans’ Gowen vv cane Sees ae ek ee 820 
Wison, J. GS Corporation, The Ae URR onto tee 832-33 
Maximum: ‘dimensions. «ski. sees se vedo hee es bee eee eee 228, 230 
SUIS CEN Pi aeons ive firs Cetqrseneeeve we tt (20), 221 (4a), 222% 
American ‘Abrasive Metals ‘Corte. ov does ee eee een 821 
supervision, American District Telegraph Company.............. 795 


upkeep! oS) 6550 ecanas is GaSe RY So are we a eee PRO ten ee 234-36 * (17) 
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BRO Ceuie CCE KIE 3. cetern mic atnla v's ales. o.01s mivlaishanteigtarage spy ++ee- 653 (38-39) 
Pre CMCTREB SR ss 5a eis ws oo nie Sr ae Breer, scons stegspla ere: 6 weeeee 284-85 (37-38) 
chemical ...... 279 (25), 282 Gar sae one: 288-89 (51-53) 
Badger Fire Extinguisher Company. . Sein oes. aR ats .-. 804 

Diener, Geo. W:, Mie) Coz... densest dite cb Reps oO 
Foamite-Childs. Corporation. ........ccesececeees +.++. 806-07 

Protex Fire Extinguisher Company.......ceeeeeeeeene ... 808 

UBIO e Cow ow aio = 2.2 «wohl A a atwleve, ale! om win «cle “ini lalalataho.s 286-87 (39-44) 

RERER | ULODICS ic cn os 6 n/n n= Sensis ols Bins Beraascare 684-85 (19-20), 714-16 

Fire escapes, individual......... fia eo safer Ae door os . 653 (33-37) 
PEERS Sie sk SAR SSE SS Om o oie eine ow tepiesaKeleis eat 649-52 * (29-32) 
POCtCADLS oe oe wo wan «bee sis sb winka ola nlorsle wicisle wieleyaei sere 653 (33-37) 
POWER Pe so ce Bile otc na aee ee ae sates oth clulere 645-47 * (13-25) 
wired glass for* openings oM........5..6---scceseseccces 244 (41) 

Fire extinguishing apparatus (interior).......-....--+s+eeeeees 430-58 * 
CUSeI ee SAC Soe on oe ies wae Se Close olen we eee en ore 434-36 (13-36) 

first aid appliances, classification..........+...++++0-- 430-32 (1-2) 
prominence Of......----2-+2cececsccecccssaes 456,* 457 (120-21) 
protection of typical building...........-..+.+-++-- 433-34 (5-12) 
selection of equipment........---eeseeeeccees seeeeee 432-33 (3-4) 


see also Automatic sprinklers 

Fire brigade, equipment 
Fire department, equipment 
Fire protection, private 
High pressure fire systems 
Open sprinklers 
Water supply 

Fire insurance see Insurance 


Waren Tcl Gere metals ow os pein so ne rin elenaine a aici ore Beste ties si digecapoe 424 16S7—SO) 
Fire 1088 repOrtS. ....secececcccereccccecsceereesccrcne 23 (13), 28 (2-3) 
(EADIE) nonin creas ccc wicca pesolvoe cn gains sivicee vee sees 0.0en sniegne ea 30 
Fire pails, classification of fire appliamcesS.......-+-+s+eeeerererereees 431 
CSAS Sine BLISS <0 SIP. NS EMIS wis. 5i'0° 0: » 435 (23), 451 (91) 
Foamite-Childs Corporation. ....ccsccccscencvceses ... 806-07 
REALE COVERS 2 iene co's oieicitie siete sue caieitaie aia cle e's age 438-39 (42-43) 
SUPPLY Of -0).-0cecreeececrsee wees cadcees odes nvivce sence - 433 (7) 
ALCE. iat Cane oe oe. she's «a ele eysinere epeacer sie -+++ 434 (14), 436-38 * (37-40) 

see also Bucket tanks 
Fire prevention day...-..--++++eeeeees Abc vt Ico RC MTOR CE I hee 20 (10) 
Fire protection, fundamental DTINCIPIES » > vratsraigiars «da +.0 gig sin Wiaiace eeu sala 1-4 
plant organization for.......+-+.+++- MMi e. Giese 6 Bie 06 Sar 414 dia 17 (50) 
private, outside.....--+..eeeee sree cece ee eee r ee eneeeeecs 391-429 * 
fire system plan........ 394,* 420 (85—Az2), 424 (90), 429 (f) 


see also Automatic sprinklers 
Fire extinguishing apparatus, interior 
Open sprinklers 
Water supply 


866 Handbook of Fire Protection 


Fire protection (cont.) Page and (Paragraph) 
public, see Fire departments 
High pressure fire systems 
Water works connections 


relation to accident prevention. ......+.s+eeeeee cree eerrees . 8-17 
Fire protection engineering.....-..se-eeeee cree eect e esters ett eeees - 5-7 
Grinnell Company, The...seeeccccencecccecccccesrcreeees 774, 477 
Independence Bureau.......cccerecssccsecceceecseserreserces 846 
Insurance Company of North America....-+++-++- Inside back cover 
Fire pumps, see Pumps 
Fire record, automatic sprinklers.........--++++-++++0005 466-69 (21-32) 
fables... ssc kleso'e'e eo swale es vane pelaelve Seta eo 999 8 pe een 743-65 
inflammable liquids, partial record.........----++-- 96-97 (216-21) 
relative hazards in certain industries........--+--+- 133-51 (74-140) 
Fire resistive construction, combustible construction allowed.....-. 186 (63) 
combustible contents in........--e eee eee eee ene ee tees 241 (29C—F) 
definition . ose on ase whe ee were ate melee Ces «Om Semele s Ratares 164 (1) 
degree necessary. ...--. eee cece eee eee tet eeeeees 181-82 (50-55) 
EVOIUELONE <aliciols ok bo © vows ei tce Mme ©. Walle Be te te aha a aa 165-67 (s—10) 
CGTMIEE Mae ce mcema Oe oie oF ons os wis ale Oleg eA ara ae 171 (25) 
Cement-Gun Company, Inc......cs cece cree eeecerereres . 810 
gypsum, see Gypsum 
Gdeal’ CONCILIONSs coc be cies ee pists & Des wie aia a ws 5 omc a's Ee BS 154 (5) 
metal lath and plaster, see Metal lath and plaster 
National Board Building Code, extracts.........+-. 186-89 (59-80) 
properties of the building as a whole........------ 180-81 (47-49) 
protection of structural members necessary...... 6 (b), 167 (11-13) 
standards of resistance....... Mec cwrste ea ON chee Wren dale ES 164-65 (2-4) 


see also Buildings 
Fire resistive coverings 
Reinforced concrete 


Fire resistive coverings.............0-- 167-71 (14-25), 183-86 * (56-58) 
details of application. . 6.60. 00s cares os okipem sek wince 171-74 (26-34) 
MINIMUM AMOUNTS. 0.0 cetsc veces censuses es 0060 Sule Nuala SiMe winlSle 188 

Pire retardant PaintSs..ant.ouns cs vase rhe Re RCA yie ere +. 210-12 (42-50) 

<Bire sentinel "> Derbys. v.00 scetncccst suse ae mene suOne 629 (44), 630* 
American Fire Prevention Bureau, Inc......ceceeeeees Ve og ie 796 

Fire shutters, see Fire doors 

Shutters 

Fire spread, in dwellings. +........cccssevccesescnssceces 254-55 (16-18) 
TELALCING . voc sc Ks Waste tas-s 6s oa Oacen ete ash Shee a Niene . 152-63 * 

Fire streams, see Hose streams 

Bire system, planiss. ven ss ue qecvssess 304," 420 (85A2), a24 (90) 420) (E) 

Pires TOWELS. vs oor ys tn W LTRS Riese e octe.y Siete aitciater tale 645-47 * (13-25) 

Fire walls, see Walls 

ive. WaStGya esas. sak6 SA uselt waaas ss. er MS NY LEN, a 


Firemen, see Fire brigades 
Fire departments 


Firemen’s clothing........... Ris aie fal ae eaymsheere ete . 420 (83h), 421 (Bs5-7) 


_— 
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Pyeeplaces jen dena< aaaes sss Sate ae peta acts SE GURBCAN ACC Stee Ap EY) 
topical list of fire dangers........-+++++--+e0- ti tere, 2129 2C3t) 
Fireproof construction, see Fire resistive construction 
First aid fire appliances, classification.........--- wececccees 430-32 (1-2) 
Fish oils, flash points (table)....... di clielese:otact legs: bw asacsMaaieareln otele Walepateen S40 
Flares, acetylene........--.-++--seeees thatee os tare teens Sehidee 2487 (6S) 
gasolene .......ceeseceee rss sec encsersers ae «Soe ee eRE 46 (58) 
Flash fires, life hazard... .....----- cece eee e eens cere cece sc ecres To), (12) 
Flash point classification of inflammable liquids..........--- 95-96 (214-15) 
Flash point testers.....-..------2 eee renee cece creer eeseeeceees 96 (215) 
Flash points of fluids used in the arts (EADIE) eisai = cs) Aleretere ole wich sees 738-39 
Flash points of oils......-.----++- Saree eae ee ais ated hie oma ctayaie eteters . 740 
Floor arches, fire resistive construction ...--..++-+++++++ 173-74 (31-34) 
EYPES 2 occe cn cccendenccscenccesces Nb eisreisins wierd Aa LOOM C—O) 


Floor beams, see Beams 
Floor openings see Vertical openings 


Floor slabs, fire resistive coverings required......... aigiale<aoteh oh wens ce 188 
reinforced CONcreté....... cece rere rece ceercs someiaiecanckernen 177 (41) 

Floor timbers, self releasing. ....--+--++++eeseeereeee ot. JocheGr (ze). 7103 
sizes for mill construction.......+++eeeceerererercees silos G79, COR) 
Floors, drainage.....-----+-eee cece cece reees 186 (61), 193,* 198 (33-35) 
. fire burning through.....-.---eeeeeee ere cere re cees ... 156 (1—B) 
fire resistive construction.........-- a iateteicts aeyth a aerator 186 (65-66) 
Daminated h oaes Soe «asker Press tancoepeirree both ewisiete wine 194 (8) 

mill construction.......-++eeseerrereeeeerceere 102," 297) (26-28) 
waterproofing ..--++++++seeeeerees Se te Sracaleia'p lecahoral stahy MNSOME CLIO 

Flour mills, automatic sprinkler efficiency.....- File otk Ee auleorn4ars S55) 
dust hazard......----++eeerrerers bale ae i, Ete eos lore eae" 475 (56) 


topical list of fire dangers. .++sseeserecererseasecereres 140 (105) 
Flues, see Chimneys 


Stacks 
Fluids used in the arts (table) ..-..+.+++ Oey i oe ee RP ee Kiet) 
Flywheels, dangers from mechanical ruptures.....-- wseee 108-09 (255-56) 
Foam cans, automatic.......---+-ecereerserscrccere 435 (24), 451 (92) 
Foam extinguishers, classification of fire appliances....-.++-+++> [eee . 143% 
Teandie occ rede ep raemcirac reece .... 435 (25), 451 (93-94) 
engines on wheels.....----++++++0+> ceceeees 435 (26), 451 (95-96) 
manufacturer, Foamite-Childs Corporation..... POE Re 806-07 
Foam extinguishing system for oil fires.. 425-27 * (92-100), 429 (A, B, E) 
Foam pails.....--+---eeeerreree MiMi ipo ko se iy ce tO 435 (23), 451 (91) 
Foam standpipe systems......----+seeeeeesererere 435 (27), 452 (97-98) 
Foamite ..c0cesccsecccceeccrcerrccs eM Raeae RES «+ 425-27 * (92-100) 
Foamite-Childs Corporation....+--++++++erecrscrerers oararal 425 w(OF) yuh one 
Forest Products Laboratory, out of door paint....--..seeeseeeeees 212 (50) 
wood inflammability tests..-++-+sscesrerescrereeeerencs 210 (42) 
Forges -++ssesers nS PREC aE PO i ara econ teraeel (173-75): 
topical list of fire dangers..-+--.++++- iv ia, ata se hueeil. laateeeratdo: (40) 


Forges, oil burning portable. .seeeecerecrseereccrerccwnsiens 62963 (112) 
topical list of fire dangers...-------++++++ ttt «wae. 330-4) 
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Foundries, topical list of fire dangers................. seeee 140-41 (106) 
Freezing, gravity tanks, prevention..............<..0-+-- 378-81 * (168) 
Hy dcantsWar.. bvals sale ovate ae nd ese eee 403-04 (45-46) 
Sprinlerwledkage teu ccsaacasenss aces acne eee 490 (132-33) 
sprinkler risers, protected against.................. 542," 544 (27) 
temperature records in southern states (table)......... oe eee a 742 

see also Non-freezing 
Freezing points of fluids used in the arts (table). 424s 738-39 
French, E. V., Meters for Fire Service................ 327-36 * (74-92) 
HU ChiONIOSSES; 4 ittsHOSE..).:<1):-<j- Sb eS a eae Oe en ee 296 (74) 
GtablessMecicers oder asa Saere acieerss See 682 (4-5), 692-93 
PR CEOLSE Rie ies eieGi odie awie Oe arse, Tie eR ee Re a 328-29 (77-78) 
GEADIE), seyoreyerae oe eters cacoioraterexoseretarentee lors cee oe 691 
Pipes.) (lable) xereekic oss dtiele tne ston ean nas. ee ee ee 686-89 
walves: (table) e:sareretsia'e!ston/ctc te AOPSCg a Sa eUreS )Acee ee 690 (4) 
Eriction\tests and) scaleulations..\.sstiecs aaeees ves eee 683-85 (10-20) 
Wel ses V Orie Cie svevcrtrcrsforouvar as arse Sve Soa coh ene 53, 55 (86-87) 
topical: lst iof fire «dangers. ..<10.ce eee eee Te ae 127 (10) 
FS Cae I UL Spayeys fact scd otsdenesVotowars caverns oe areicéses ce AR ee 55-61 * (88-105) 
domiestic mhcatinig:ps a. 5 aacc. oe  aeaeo ae 61-62 (106-110) 
Lalor Buel Oil. System Co: sacvsacenecgs eR, See 836-37 
topical) Jistizof fre «dangers... «<<... +. « See eee ae 127 (11) 
Valves tame canons tenho cue week ee 60 (100-01), 61 (104—05) 
Fur hat factories, topical list of fire datigers. s+. «5 se Ebae Deee 141 (107) 
AU Et ACER aWrelaetay o's cose da soe awe Ca Oe eed ae 80 (173-75) 
topicalvlist of firesdangers AvGswaec lk tee ee 129 (40) 
Furnaces, portable, topical list of fire dangers. Assen eeeeeee 130 (41) 
Furniture factories, automatic sprinkler efficiency............ 475 (57-59) 
PSOBES Met Lalo rie 6 ts yond b c'a's «hneddcnr eck Gecd «umets See: 35 (24) 
accident dangeras . smc «x sa cat's <4 s Sele oe ee 10 (7) 
Bronomy: Fuse GME. CO.ce.vansns tte sek eee ae ee 835 
MENOWEDIOS Mises, cia cara « RRR Se Re era Bees aie te tN es «D5 Coa) 
BuUsiblemlinks ewe eat sacks 1h wets mu renin Sen eee 236-40 * (20-21, 25) 
accident: hazard....cxiaik ee Set. be ee ae tr (22), 12 (25) 
Rockwood Sprinkler Company. Aw. neue cue ee eee oe den FIO 
Fusible plugs, compressed gas tanks......-..sesceseeeseeeess ae 50 (68:2) 

G 

Gazes N.S. Gam Ze ACG. os sence sivcierwe van een neni cee 782 
PUSSSUTS RH oc METS Fe vk 1S OUR e are e vee eee 336-37 (93-95) 
Gomewell :inspection » serOiCe. 6.0.4. cccvev vives erQQOPte bebe des - 777 
Garages. cccrevoesescbvmcdns od Ca eWeUs SRNL EURO Ea 257-59 
topical. list of fire dangers. .....++.<«ttiod. .Uuuey yuk. E 133 (79) 
COE EAS ee PRU RTS Cu Mena 60. ORE ORE BeBise Ronse neeer 42 (38-39), 45 (48) 
National Board Rules, cited.................. - 42 (38), 44-45 (45) 
shut-off valves...... DERCALEC Comeneees othe tresses 44 "45 (45) 


see also Gases 
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Bete MEGA On ohne cans wR a elo 5 bjaisia. trainee msc 47-48 (61-64), 49 (68b) 
Oxweld Acetylene Corporation............. RCo ie aicie oie ola 842 
Phe ret) ste (Comnary, LHC. ..cdc) oaeaee aaebine vo.isp'eie 843 
PEARIE ED cries capes Bienes aid caresho ee ee. TER 735, 736 (40-41) 
SRPORIRE TB ais dite pel ni as ioe nm se Ole aha, o 9) 2 0jeel Salas ele wtbloN 45-46 (49-57) 
Bpacet Weve s os skws cca secs e00545 babs eaves sscsaees 48 (66-67) 
PCM T Eh a praie sich age eine Sis +s 2 Ue wie ion oa She 0 bs 49 (61a) 
IEEE Me Sioa cb hab oS . 5% baal sole Pie coke ook 65-66 (122-23) 
topical. lst. of ‘fre? dangerss ON S25 « 20) Mw 128 (15) 
Der NE Red ig Se a oe Se vs og tee cag Oss cae as saa st eee ses 67 (128) 
topical Ist.ef fre dangers: 5 5s50ss5cseess acd dese diae tues 128 (17) 
Gas furnaces, see Furnaces 
ReGCEMEErAL Cc arnt pt kes > dhe nme siceh see wee reoes cee ccnbeets 43 (39-41) 
oD UES Se SE Re A eee Si par ee 43-45 * (44-47) 
explosion: hazard s<s2555055%0c5567500b400c0 0s rede sereewae 80 (174) 
O82 SS ed Sages A eS ee A ae 43-44 * (42-44) 
Cesta NAtetr naa SS fe pT Made sk dscececsesedote 80 (174) 
eet ROSIE BT ORG a or sinin'saisisio bo Stee es see aee acs as be ee 79 (168), 129 (34-35) 
tI NE SY Na in’ aNanat oa vist alese v'a'e'esiuleia"Mbinie'wla"a staat rae 79 (166) 
peed Net of fire dangersns. ct. 22% 20s 18. SoS eS A oe os 129 (33) 
REISE SS 89, Toa Sey ake oi 6% Diels to e'ein ee Wie vine toelesanwere 43 (43) 
Gas works, topical list of fire dangers.....-.......2-2.e2eeees 141 (108) 
RECT DECSSED a Srenrorern arse vrais sratsntgl wes eaielne Oe 6 49-50 (68), 120 (12) 
Pande “ew. Products Con, ING so0saccdese setae 841 
Oxweld Acetylene Corporation ......c00cecccssceccsccase 842 
Prest-O-Lite Company, Fnez, DRE. 00 oct hese ecscssccceses 843 
PLVICMIOR HACATOS G25 he ddd dow se teed Mas ede eed 108 (254), 132 (68) 
OEM ATIES 53s 59 '0.0.570. 5 ess ee sar hs ot 50 (68), 108-09 (255-56) 
a RIPIE TAN LOU LAIO 2 ccners v.05 9 a1 aaiciee oe toe ce eicla eee 736 (41) 
explosiom: temperature - (table)... 2-20 ces leeds ccacs eras 736 (40) 
liquid, see Gases, compressed 
PceeAuitone SOT MANNAM MIAN Se:. ain o's1s once os ee ais ss cieccesees 120 (10) 
Migical Wink ot Ore: dangers: o5%</5:0.5 o/s 6.00100:0 00's oo pes enn co ote» 126 (5) 
weights as. compared -to air (table) ....c.2.sccccccecvsccvicv ates 735 
see also Inflammable liquids 
ARGC ea TA aces CASS eae tee ee OR NeW acts raweveecleacaes te 738 
MUM SATAVES ab wea se cise peters oe vey se sce pe se cese ks ee he te pss 257-59 
mixed with carbon tetrachloride..........ssesseeceseees 100 (234) 
see also Inflammable liquids 
anGletee CHOINES.. Feet oe se el eee oc ob e's PocruP ay aR oe 66-67 (124-27) 
for pumps. Wational Board rules sis). i. See ee ete we 369-71 
Kopicab list of fire dangers: 2: 25.025 552555 gett cade sac reaeee 128 (16) 
IGeterile tie Marea ti %c 5a slalovetnlatelelolelelelels vielele ale Vistas’ ceciscesees ss 46 (58) 
SE COVATS FES > on. o.cci0 ee AIO TOE OIE OIG IOI a Rocio 45-46 (49-57) 
MARGICHE HOVESE Es ene =e OI eles oldie se ulvclete ede wees te toca 79 (169) 
HLOPICAIMISESOL HHTE CANLELS aco deislc ocleddelcevscsecpntsswes 129 (36) 
Gasolene! torches at....co0e crc acnaces 62-63 (112-13), 83 (180), 130 (45) 
Gate valves, indicator postS...Jccecerecakeeeseccessvews 405 *-06-'(50~-52) 
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manufacturers— 
CLAN .CO Lan c0nneoviaeis Seite ote Ha Heleeptoehs oD icree ipo aware . 786-87 
Eddy Value Co... sittce os sacle scle latins ola eese cert ee ce ere - 788 
Kennedy Valve Mfg. Co., The..-+++-+-+++++++ 3s: Sex tshote a aE 
points where needed......---wiseeeeseerereertees 394,* 406-07 (54) 
KECOEML site dace casei e fe wes oseesceeuins sis Sense rss eene 407-08 (55) 
Seats. cxdeieslesicinishare s)sitis © (sie | oc sae ge sel amiesins WiC s ot Saree 406 (53) 
_ types and proper US€S...---+.-s-+eeeeee rr etrereere 404-06 (48-52) 
see also, Automatic sprinklers, gate valves 
Generators, electric. .....-----ssescreecsrressrstetet ts 34 (18), 65 (121) 
extinguishing fires nia re Sere ee er 455 (112-13) 
Girder, double stick, effect of fire on....---+++++eeerrerers 194 (10), 195 * 
Girders, fire resistive construction. .....+++-+s+eeeeereres rere 166 (8-9) 
fire resistive Coverings. ......6-seee eee cette eerse 172-73 (29-30) 
amount required.........eeeee cess essere seetesesesseees 188 
reinforced concrete........ee cece eee ree rete eeeees 176 (39), 177* 
Glass, ACHNIC.. 04.02 messes <s9nsyet 52 sseue eee ee 244 (44) 
Pennsylvania Wire Glass Company....--++-+++++ Pe 
Matted Hct 7 wie0 0. o.ege:ec oe eisiesisieymes tiniest 244 (45) 
Pennsylvania Wire Glass Company....--+++++++++ PP 
corrugated .......-+-s sere reese 213 (3H), 214 (4H) 244 (43, 45) 
€¢ Ractrolite  «.0000 000+... aqsesiges em fences aero 244 (42) 
Mississippi Glass C0......ee see ee eres eesrereesserceess 823 
manufacturers— 
Mississippi Glass Co......+++- S cath eGe bests ee 822-23 
Pennsylvania Wire Glass Company....++--+-++0+es005 824-25 
melting. points... fo. csecenn cs ees staan awe enSRs » HOES 732-33 
softening point. ......eeeeeeeeee ce rtseeeetteeee 158 (1D), 244 (46) 
see also Wired Glass : 
Glass cap for sprinkler heads. .......2-+e+eeeereereeetess 493," 495 (156) 
Glass works, topical list of fire dangers... --+++eeeeeeeseteeerees 141 (109) 
“Globe”? alarm check valve.......--++++> Pe 563 ~ 
dry pipe Valve... cece ese es ete cee ce wesinminele sininm clue ote es cis 591-92 * 
\ accelerator «ss. ¥ aW elec 4s view epee dione Rit eal BESS 601 *—02 
Glucose works, topical list of fire dangers...-.0+++++++-eres oe. 142 (rt0) 
Glue factories, topical list of fire dangets.....++++++++s+serr0es 142 (111) 
Glycerine, non-freezing qualities......+++++e+eeeeee esse seen es -» 441 (54) 
Gongs for fire alarms....... sess se ce rer uenbencices recor esceusene 626 (33) 
Government whitewash, formula for. ........-+++ sees errr eteeees 211 (47) 
Governors for steam pumps, see Pump governors, steam 
Grain elevators, automatic sprinkler efficiency... ....<+5 fs ee 476. (60-62) 
ExplosionS .....seeesceeseee esse esseeensetees 107 (252), 476 (60) 
topical list of fire dangers... .++...- sees cert see neces 142-43 (112) 
see also Shafting, fire dangers , 
Grain in Storage, Safeguarding Against Fire, cited... sseankes Senay 
Grass, ignition by sparks.....-+--++eseeee sree eee ester ees ¢. 114 (27th) 
Gravity tanks. .......--+-+seeeeees Bv.nUks taimaelesrerer 373-81 * (160-69) 


capacities of (tables)..-...seeeeeesenetereeeeeeeeeees 718,720 (25) 
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Gravity tanks (cont.) Page and (Paragraph) 
eollapsés? 5320... 14 (33), 374 (161), ey * 381 -(169), 491 (134-36) 
dimensions of flat-bottomed (table)...............0000005 720 (25) 
dimensions of hemispherical bottomed (table)............ 719 (23) 
fallsto€ materialtrom= Jax: 2. ce ee. ee 11 (16) 
BOA ee ok pan moe ee Sate We eg Males Cte eect 378-81 * (168) 
ladders and platforms.............. 13-14 (31-33), 375 * 378 (167) 
merciry. gage: mndicatos.sfee ce. 6 0 6 Bk See et 377," 378 (166) 
National - Board -rules, - extracte:e ¢): 02 eausc. SePERE UPR oT ES 381-84 

Grenades, hands so. c.. csc oc POO MRT a a 431, 436 (36), 457 (119) 

Grier, William D., Dangerous Substances Found in Manufacturing 

laa sy arc. Soe pect gor CS ., N 118-124 

Grinding wheels, danger from mechanical ruptures........ 108-09 (255-56) 

Grinnell, Frederick, and the automatic sprinkler.................. 460 (6) 

> Grinnell ** (alarm: svalve, ‘straightway.... 025. JooTe. Aaiew < 562," 563.” 

Watlablé: Pressures ssccssoedctcw esti cd cessed seed scccade 561 * 
BEE! HIPS Valves... creeie oe oir Oa he oe Fae Se 581,* 587-90 * 
MCCCleraters ss iscscsteasssacetsssgdesacssaels 599 *—600 
silica bulb sprinkler head........60.0.:..6020006- 501-02 (193-97) 

Groceries, wholesale, topical list of fire pes saea £5 Yaa e ae ear LAS ACTS) 

RiDAN PIPES Se a nar ore oa 7 HST SO ONS «Sel Oc, RY te td DPI LN OR 293 (67) 

Grounding, buildings, lightning protection........... Faia te Natale, Meo 214 (5) 
electrical “apparatus «crates atthe ee sewelr soe ete eet ee Pardes Cilia! (cp) akc th 
BOTA RT IS sa 57m tots vio slo" Bor wo 'olo o'evale (ore ‘eles 116 *—17 (284, 287-92) 
oil tanks, lightning protection. 2.4.46 0038i20% 6). obi ie a8 117 (292) 

Guards, expanded metal 

Associated Metal Lath Manufacturers. cecccccsccccceccces 812 
Consolidated Expanded -Metal Companies, The.......... 813 
sicandescent, lanips. 20% 6 2. s ow se el ads. TIT Se oh 38 (28) 39* 

CME ST DPA GAPS IATL AAEACTET TOES Ee OOR A one ATTG TOE Rie AE ale 171- (25) 
Cement-gun Company, Tn ere-cacicc-c%ore telat ed delstialsthtetant ead . 810 

Gutters, National Board rules, cited... .ssccdeseccvccccsrseeues . 217 (16) 

*“‘ Gypsteel ”’ roof construction, Structural Gypsum Corporation..... «-. 830 

Gypsum, fire resisting: efficiency: S203), 9% Poa ae VOLES clos 168 (18) 
fire resistive coverings, amount required.............0eeeeeeee 188 

PAV [ISHUT COGUNE tiscrncrccroacd votermane sr TTC Ate debe eee 213 (3-4), 186 (65) 
Structural Gypsum Corporation. .cscccccseee PIR hh tices oe 830 
United: States Gypsum COMmpany..ie's's'ero sees e'0'c'erse'e'ste'eretere tla ede 831 

H 

Eales. Water) LOW ELSaoaa aa aie ce aces ad oe Sa aaAaises oi Sikh aadhal desta 292 (64) 

N Varia SUGAR CSM ofan aia Nobis thats adele wore a 06 aces. if ZOp (GO) AoAS CTL) 
Glagsiication vot, M166 HApPHANCES 5 cseris:ave1s4.5.% 0's yale nie <pyeiriAcip® * bane ASE 

PEI Ge PHAN Sem ee ae eee a wicia Ase leree es wress'o ace 9 434 (17), 439 (45) 
Classificationu of. fire appliances cysisss 0 sere a1 ,010)v 2's (0,0 0 0.9.0 aprseny, ataipis.0 431 
CPF EPP E CTO UR a OT, Ae A Ie ene ec ERIS S 805 

Hangers, automatic sprinkler pipe.............0.eecsis oe ies Mae SA7o0 (30) 
FOLGE MATIC ON ayacatteKenehose «oleate =hais acta oale =. oxsusiay'a pedistcs sa: sevens parege tod (xr) 

PAG Spink Les atetslsrs\stalsly «:sisiy cis aattaetss,eslee 496-97 (161-68), 551-52 (78) 
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Hardware, fire door....---eeeeeerserereserersseceere® 231,* 236 (18-19) 
Kinnear Manufacturing Company, Thess savas Rikasee BIA=I7 

Merchant & Evans C0...-++eeeeeeerercee Sie 3 Teron Mita. e Loee 

Peters, James, & Son...essesesseerceres resale: ete a0. NB2E 

Wilson, J. G., Corporation, The...--+++++++ereeereree 832-33 

Hartford Electric Light Co., fighting generator fires7eus ten 45s (112) 
Hat factories, fur, topical list of fire dangers...-----+-+++++++-> 141 (107) 
Hatch doors, automatic, accident dangers...-.-- Side eaten DS sane a easy 
Haverhill, Mass., water supply for fire protection.......+.e+eeee- 672 (14) 
Hay, spontaneous combustion......--++1eeee sere eereeersssses 103 (241) 
Heat, comparative thermometer tables: S.cusc<cese 2m eet me 736-37 (42) 
radiated, distance. ....+.-seeeecc erence ee rr csesecerecetees 153 (4) 
through walls......-sceeeecee cece cesses ccereeece 161 (2G) 

through wired glass.....+-++eeeeseesee 243 (39), 244 (46) 

Heating saoseusessscseccsss=, S5ess5525eeeleenene -Ne 69-83 * (139-82) 
dwellings, hazardous practices in.....-+-++-+++eeeeeeeee 253 (13-14) 

fires dué 'to....2.s0+ ® seano lg) slate) efeln Gole <Ulaleleve oie Sache atetn alain 7o* 
PATALES Race te nea Geecee n+ Fuse ah sine tepeee tea mee tenet 258 (6) 
gravity tanks.....cccercceeseeecs artes cseseee nse 378-81 * (168) 
system combined with automatic sprinklers.....-.-.- 500-01 (190-92) 
topical list of fire dangers......-++++eeeereeeeeees 128-30 (25-45) 
Hemp, spontaneous combustion. ....+.++sseseeseeeeereersrssees 103 (241) 
“ Hersey” detector-meters....-.----eeeeeerreeeeeeeeee 331-33 * (83-85) 
Hersey Mfg. Company.....ccseccceeersecsecstserssscecees ate you 

High degree sprinklers. ..-.---++++++eee+00> 496-97 (161-68), 551-52 (78) 
High explosives........sseesssoceesecsrenseesersesesececs . 124 (30-31) 
High pressure fire systems. ...--..+eeeeeeeeeeereresceees 299-305 (81-92) 
in North America, (table).....-.-.eeeeee cece rete ceeeeeees 302-03 

small streams for mines, (tables).....---+++eeeeeeererreeee 696-907 

“ Hollaway ” chemical engines....-..++sseeeee eee eeet tees stress 289 (52) 
Flomeshazards:. ccc ui cc ncc cect e mace ds tite ose ee ensitier 16 (48), 251-56 
Safeguarding the Home Against Fire, cited .t swat tccec* om 24 (14) 
Horse power required to raise water, (table) < sasenS ec caw seein wire 72s (31) 
Hose, accident dangers......-.eseeere cere ene ee cree sees ceees 15 (41-42) 
automatic sprinklers versus outside........+.seeeeeeeeeeeres ey 6 2) 
Brands: ofa. cece tas cs cer ays OMS Scnhite S WERE S Ob 409-10 (61-63) 

CALS wacauinenwanne isis 6 ecese eae gia Nh tatore, P'sKNIMI Rar wees ele 411 (66—69) 
classification of fire appliances......- i Givin ncome Soca ON Ge eee een 431 
eying’ sac coeis owes spices san dee avowes 297-98 (76-77), 411 (67-68) 

for fire departments. ........ se cece ee er ee eee eeees 295-98 (72-77) 
friction’ Lossegwircees col cs css oc seme sai cee ween «qu MNCES 206 (74) 
TEAbICR Cre tia cee eek cents So Ris CW mse 682 (4-5), 692-93 

in hydrant houses.........s.eeeeeeeee seer renee 412-14 * (70-75) 

Sh Oil ‘sealed BGRESs osc. c ec cee seve sede caer ss tee 6 unease 409 (59) 
labeled! Wiwtu eae es SER Ee 206 (73), 410 (63) 

Lintert "yc tare os arentes » hes fisav eon 409 (s8—so), 444 (60), 446 (71) 

on sprinkler piping. .........see seer teeter eeeee 434 (18), 441 (56) 


National Board rule8i i... cc. ees s ccc ns ews ene ses 552 (79) 
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Hose (cont.) Page and (Paragraph) 
on standpipes..............-. 430 (1), 435 (19), 442-46* (57-72) 
Fh PEMPICAD, DULCE. ois os hin win ote neo biable > srw 433-34 (10-11) 
Wart Knox Mig. COs. 6.0. nnn. siniaa/acdsbevate ile oie ereiete ..- 809 
Pd ya ee OIRO ORII Ce Ny sere 409 (58—60) 
18 SES a Se real Oe ean a een ea 415 * (77-78), 421 (Bg—-10) 
CMA NY 6G ST les SBOE ie eS = eee SOOT aca tie oe eA) 
With ae OTR OCG ae ao Am lane mics aye ese ie sinteiiais pe stares - 809 
IGE JeONHECHIONS. GIIPSsc sWrel' oio'a pm = sis» siciets oleia nsix se ae'e 444 (70), 445 * 
ES NCIMEE A TINSEES oy orceo) stot oi she inten yim as OE stawetistaie,s . 410-11 (64-65) 
for fire departments.......... ee err Spates apeision 298-99 (78-80) 
PckerR ee Oe Soe ees a ih rio oro awrinse ay prising o's 414 (76) 
BRR SACS ars orale. as Slo niga a en a ae Re 411 (68), 444 (69), 445* 
Mirtid keane Mfg. C0. 2.200 = ssiddobe aspislolsins weal ss 9 Fe acts ole Heiss 809 
Hose streams (table).......... Oe OS eck Sages ona Se wll} 
appliances for handling powerful............-...-. 292-94 (63-69) 
elective rarige > (Eable) naires oe 8 sinjere n\ele's eal e <2) 010 682 (6), 694-95 
engine tests (table).......---.eeeeeeeeerees 684-85 (19-20), 714-16 
mines, high pressure (tables)......-.--.seeeecee er eeeeees «. 696-97 
pump inspection (tables).............-..-- 683-84 (7-15), 704-11 
water supply for outside............eeeee cece reeceee «+313 (21-22) 
see also Nozzles, discharge 
Hospitals 2... ----ccecerececcecccccccveseccscccvers piviotete ee Spboutds / 
Hot air heating, fire dangers.......-.-----seeeeer erences 75-76 (158-60) 
for dwelling houses. <u... 000. cscc cect ccccnccsdovesne 75-76 (160) 
topical list of fire dangersS.....------++seeceeecceeceeees 129 (28) 
Hot water heating, fire dangerS......-.--2eececeeeseeccccserees 73 (157) 
topical list of fire dangers......-..sseceeeerreeeeeeenenees 129 (27) 
Riotels. (CHY sess a os bcc te ciaels od trie nid noes ASA eS dae aps o0is dale tee 261 (6-10) 
location of start of fire........ccscccc cece ssecscerecere 482 (92) 
Deel 4 eee ee Pees ee Cee dade dsdeiesditeodsiaete 260-61 (1-5) 
Housekeeping, accident prevention value...-.-..++-+-++-4++ 10-11 (15—16) 
fire prevention valuc........eeeereeereeeeeereeeees 83-88 (183-94) 
in” dwellings. << +. .cecesccccccecsserererecvewessrcessoss 252 (12) 
topical list of fire dangers..........+--+- rere +++ 130 (46—50) 
Houses, see Dwellings 
Hydrant houses.......--+- cece eeecce rece eeereeecceeee 412-14 * (70-76) 
fOckKs tr awias este ts 2 ANA AA AAA Na Adige A died Aa ite Weleo:sicia ate, vis, teks 414 (74) 
Eagle LOck Cscn cae sedaccdyccvestsddvvesevcesestve 834 
Hydrants, accident dangers.....-.-.+-seereeeeeeeereeeneeeee . 15 (38-39) 
direction £0 OPen....ccccecccccccccscrecscssccvaceces nando. (40) 
freezing aes aascsile tee woe neice e celeaace sie dis ariare 403-04 (45-46) 
location J .)-'..<:.'= Datel ot dichel ig Aa*a asd ara aleln era's eee alse alee disie «+. 403 (43) 
MIAINTETIANCE Pc cicnc Cece OSs ee dive Meld evans deivesie dns BS ataretert 404 (47) 
manufacturers— 
Crane Coss occa caaes os wattle nae 6 $a Ar, rs en Or 786-87 
Beddy Value “C0... ccacc vwiss es oe owees On Sisra hs A otisa’s's\6 788 
Kennedy Valve Mfg. Co....eessesveeeeees AP ee 791 
DiUMIDELLOE A ee ise oieiahe loo ose Sarees cide OTR a's. ot gor (42) 


PUMPING os eeee renee eeeneeeeeeceeeencreeeeeneneess 357-58 * (133) 


ms 
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BELLING Owe y.c.crsleiele Bibione fekeretets bic seco sw ia welo skeen - 403 (44) 
specifications ....---++seeeereee #2 Wack siea 400-01 (38-40), 402 * 

- test data (table).........-+ee0-- tee ec, Ea 684 (16-18), 711-13 
testing apparatus........-- oie Dorm Renae ae aig Caer aa 316-18 * (40-47) 

SW EETICH wlefs Glee u,b sie atolols: elareha(aramyle.'aletn deters Ee bowled Ce 
Hydrattlic: data..c.cse cee cosccccnscearescirnceteceae scene ie atentviad 727-28 
Hydraulic system, handling inflammable liquids........-+-+-+-+ 97 (222) 
Farr Hydraulic Systems, Incorporated.....++-++++++++- 840 

Hydrocarbon gases, compressed. ..+-++++serrerrrcnrersresereses 49 (68c) 

Hydrochloric acid......... = Stas aroi dv Ruch aera aia dict hE S1 COR TOMES ies soat8, (3 

Hydrogen ......0.ceececsseerseeceeces 49 (68E), 120 (11), 735, 736 (41) 
Compressed. 2... .lioecccceeee cewceceewecccesseee sce owiwicls 120 (12) 
set free by finely divided metals...-.------++++erererere 104 (244) 

I 

Ignition temperature of fluids sed in the arts. (table) os.a<as6as.s0—e7de—59 

Illumination, for fire fighting.....--..++++eeeseree rr eeeeee s,s nieyy AES MOED 
OF ‘fire tOWETS< Jos nnccnc cc ccccccececccesees cess cecsens 647 (24-25) 
OP EStAIES <= cha simcaieereiste I rn SO Ferree aR ee ee 13 (28) 
see also Lighting, fire dangers 

Incandescent lamps......-++++++++5 Joie isis mieten Sree . 37-38 (28-29), 39 * 

Incendiarism, safeguards against........+++-++- weees 23 (7), 642 (71-72) 

Independence Bureau, fire dangers of steam pipes.... 72-73 (149-56), 74 = 
INSPeCtion SETUICE.....ceerererecereeecsrncecessseses ceenacse ns ORG 


iron stack through wooden roof, arrangement. of...-..++++++++ 54 
oil house, suggestions for construction and equipment.. 91-93 * (204) 


Indicator postS......ceccsescensccsevesseesss Pas: 405 *—-06 (50-52) 
Grane Cd. cnckeccheuces eusevysuee $veauds Ger Gaur Vhs venice 786-87 

Eddy Valve Co...sevesccesscccccseeteeecsseeerege eens BW er Mee 
Kennedy Valve Mfg. Co., The....+sseeerereeereeereeeees Re eT 
National Board rules.........ceeeeee eres een ereeccces wait SAO. AGED 
Individual fire escapes. .....eccesescccceeseceseesteneseeenes 653 (33-37) 
Inflammable liquids...........-. Sight Uses 94-100 (211-35), 120-21 (13-16) 
air pressure systemS......++++e++e++ 60,* 61 (105), 97-98 (223-24) 
causes of ignition (table)........eee sees eset ee etre ee eeees 97 (221) 

fire record, partial... ......ceeesceereseecceeensees 96-97 (216-21) 

flash point classification. .......seeee rere rece ee eeeee 95-96 (214-15) 

flash points, etc. (table)... cece eee ee eee eee eee eerees «+ 738-39 
hydraulic system... ...eeeee seen eset eect eter ter eeeerenes ~a07 (aeay 

Farr Hydraulic Systems, Incorporated.....++++- -iiuqabaeae 

portable tanks. cc .p cscs nese cs nee chan Heme Peet 98 (225) 
SEWEY ALaiNagwe. voce cccccecesacesecesinc cee cee seis 100 (235), 1o1 * 
storage and handling........+seeeeeeeees 96 (220), 97-98 (222-29) 
topical list of fire dangers.......eeeeeeeee reer eeee 131-32 (58-64) 


see also Dip tanks 
Fuel oil 
Gasolene 


Index 875 


Inflammable liquids (cont.) Page and (Paragraph) 
see also. Metal polish ; 
Oils 
Refrigerating systems 
Inky cloths, spontaneous combustion......... Setdaks HI segs ost beenog (243) 
Inspections— : 
Te ae ee eee a ee ee ETA ih 
UMAEREREERCES BUYER -.< oa xin sji:0 wena 066.50 3s SSS AONE 846 
Insurance Company of North America............ Inside back cover 
see also Self-inspection 
ORE ES TE AG 68 Ee ee a ee eT ee 267 
location of start of fire......... i, eg ee 482 (92) 
UMSEC E ESI OS a ce re faa sanctus Rs Carn oe dee +b 665-66 (18-19) 
Insulated wire factories, topical list of fire dangers............ 143 (114) 
ee ee NO OV HINOIS. aie oie crys Do ec IAS MAG ee eee eee '. .673—-80 * 
Insurance premiums low, indication of good risks.................- res) 
Insurance rating schedules, factors considered.................. 154 (7) 
Insurance reductions for automatic sprinklers........... ‘o...-467 (22-26) 
““International ” alarm check valve.............ee0e200+ tshalototereactaintes 564 * 
LSE a AA Se es a eh 5 593 * 
Iron, asbestos covered, corrugated................6: 213 (3-c), 214 (4-c) 
ETH Robertsow Company. o's oes ese see's ook. sels a wrdue etree 826 
EM MEAS TENSE Se rntacn nia a off ata are are oven oe ot tee he ates eer nie 732-33 
CPRLIDU IT Shed SEAT G SST a Cr ee en 119 (8) 
RP EE IPEE ES RICCSAITES ue cing osu 0:4/'= 2's pers /aiale «sige 2.310 cu0.t2 40 (32), 129 (34) 
Ae RMSE are ate ofS ae le 6 oir oe ei.c'e ot t,o. oe cone. © teres Telesis AO 83a) 
SANTEE RMSE Te eae Me een om et pic ore ne ae 79 (168), 129 (34-35) 
renetees HCACe Ore, COOLS As sicc.c cx oo dies « case e oot 3 ous Sgivie ones 11 (18) 
CADE CME TR ETISE MEIC sols olor < fo kaa oie pics scise sce Fas em Wels 457 (118) 
WievIOSHs aco see > o eee ta ee a catcie aan cie bis, «a seine uinie ve tem nie 268 (1) 
J 
Japanning ovens....... Shealecee = Bs AA bate oe ata Aa iy id 81-82 (176-77) 
CRIMI NE eR PE REN ce Roos hm eee apse es So's eik srs a6 ont meres 10 (14) 
PE Cce merit OF Ite LOT SELS, chee iale aie siviene +o se o's.0.2 0 2.0 i010 aie 130 (42) 
Papamiing avons, ICONSEFUCHOM. (7 coerce cnc ceccccsectecseserees 209 (37) 
PPEEn CHUM Here TBLOP PIN Otis as5 «6.9 010 +o ac cea eclnls oo ae de eo ano ame 208 (27) 
Gist ANGEL Heo es vied owes > ciel SIGE CES OR OORT EL RT SIE 194 (11) 
Wourtialialarting AUtOMatIC. coc ccc secs ss doecdser cere oe cs. 636 *, 638 (50) 
Jute, spontaneous combustion..........0-+.+eseseee- 103 (241), 104 (245) 
\ K 
Seana whaeanichenveat €ttgines = c/oiis)> seiciero ed's sve v's a e's Sele eee cis 289 (52) 
Nae ESET CME HOLS NI a os doje sepals al vieiale\s.\Glera-esiete ode ste le ecets tats 738 
Kerosene engines..... i NNO Et WIA IAPR IRM Eeeathaeetetots 67 (129) 
FODIGBIA SIO LEVER ANGELS F615 ai fsrc's's slo'e’s's « 'o 0' fale elajaie ao» slate) 128 (18) 


Kerosene heating systems, domestic...........+:.++++-++e% 61-62 (106-110) 
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Kerosene lamps......-+-+eeeesreceee PT or asugo €69) 
Kerosene pressure systems, lighting....--.+-++-+++++++ ne Se st (72) 
Kerosene Stovése..iscccccceccccccccncwsice dts sce ssladisieleeseecees 79 (170) 
topical list of fire dangers. ......++++++-+e+eeereeeseeceets 129 (37) 
Kerosene torches..........-+-eeceeeee 83 (181), 62-63 (112-13), 130 (45) 
illuminating ........-eeeee eee e eee erect cere recs rseesees sgt G73) 
Kitchen ranges, see Ranges 
Knitting mills, topical list of fire dangers......++-+---+++++ eee beta Cres) 
L 
Label service, Underwriters’ Laboratories...... ata chgra siapsiaie 25-27 * (6-7) 
HOSE) sie e/t. clan ehecnisieatens soir, stead ha = ramets ewes 296 (73), 410 (63) 
Lacquers 20.0.2 cccccccc cscs recncccceccnsssesececcrdarcrscecmes 119 (9) 
Ladder pipes. .....--+eeseeescccceceees ale ausie ots ata aia wea ama alae 293 (67) 
Ladder straps, CANVAS... 2.0. e cece cece reece eee e cece esses erences 414 (76) 
Weadders trucks = <6 cree ces Prctaereve, Oran. oxeial © (elaecnen Sie re ote aie re a 289-91 (54-60) 
Ladders, fire.........0ccccecscesene sees cece re sees teecee see 424 (87-89) 
gravity tanks............---sssseses 13-14 (31-33), 375," 378 (16) 
Lampblack, spontaneous combustion.......-+-++++++- 103 (242), 104 (245) 
TUAMPS) ALCS cele ss ee sine seve selec ee se 'smae sede ae nneie rales sie oe 38, 40 (30) 
electric battery... .secsascascccsccede ceceecsescncucsicns sx €7x) 
SRCANIGESCENE  <allaisiais 0+ oh6.0\aclerw ein CN recel vi eieie,<, Manian 37-38 (28-29), 39* 
WETOSENE: fa ce siaw oho SIA meio se sae aero a alee ave ye a5, ce sin atSerelereLers 50 (69) 
MTLITLE. Crea toucrausve,0 e+ Sie a. arsierel iors alse WON MENS wi uwie «he guastela sis aeiaails 50 (69) 
Meeitt CET ts cieyeeninsereraxessreve m crate sislacs ssei@ustnre WM ivrvin [el Ua.eelelale ee. sit (70), 414 (76) 
Lath, see Metal lath 
Wood lath 
Laundries, topical list of fire dangers. .....++-++e+eseeerees 143-44 (116) 
Lawrence, -Mass., co-operative water supply....----+++e+++esee- 390 (188) 
Leakage, automatic sprinklers........--+-+ee seer ee eeees 488-92 (123-51) 
Caused by SUN. ..secesacerecscccseseeenreescesescns = go .G) 
protection against drinking water pollution BY cs cow 324-27 * (68-73) 
Life loss, flash fires and explosions.........0+++++eeeeeeeeeee 10 (12-14) 
from vertical spread of fire... .. cece cece ee tee eects ewe eens 2o1 (6) 
$0: FATES <.c craie ole iw exeié.0 0:9 were. Szsie'e ebb el eieanb Ty Onis mas 0.0 WS Riera si 251 (1) 
in: school! fires..a< sce ssins covecs ev ans ¥ sles whine Ges sininaie sways 264 (1-2) 
in theatre Arescrc soc vos clowns « 6 Sicle 60.05 tie his Simares SUTURES 268 (1-2) 
Life saving value of automatic sprinklers.........- 16 (45), 644-45 (8-10) 
Light wellsiejscss vc:0je Miatu'e aictave gitvede oie yeisitecele 205 (18), 217-19 (16-24) 
Lighting, fire dangers......ceee see e eee e neces eens eeaserees 29-51 (6-73) 
fr A WE]]R S's 5 bro: .00 cssnlo ie Ciemcleieiuwisieiote snare tinea 253-54 (15) 
QATARES aceccuoevavns «ARN va sine Wieiers, 10a Rie Gree SaaS 258 (12) 
topical list........... we Stee 9:3 hcaiiasiagens ee seeee 125-27 (3-6) 
see also Illumination 
Lightning arresterS......cceee cece eee ee eee e tees eee ee er sens een Ve) 
Lightning protection... .. 6... esses eee eee eee rete e neces 114-17 * (272-93) 
grounding buildings. ...........seeseeeeeeeees aie? whaehenied ata aeGs) 


topical list of fire dangers....... Sieiissuiw.e oar me Ace: 
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Link fuses, accident dangers........ eet oiinie eens ies eee Oe aie 10“) 
Linoleum, spontaneous combustion........... ch Sabres se 104 (243) 
Linoleum works, topical list of fire danwers. 3. igs eo. cus culos cadet 145 (120) 
CSTE ST COLA nay ae ae ee Sara brates 740 (44), 741 (4b) 
Linseed oil works, topical list of fire dangers.............. one Grr) 
BARE GMMR Gg arcle oe tna oyna ere Bt eeteW es tee Efase' ait SES a a Tm 85 (189) 
LELUSLTSS [CED 5.G 5 5 ey ie Se ae ORI Se mg #0222," 223 * (4b) 
fire resistive coverings requiredic.2 o)0.022. /o0Salk ss 22. oa es vol. 188 
PIER ASE Tenn wie ete a ee Ses 49-50 (68), 120 (12) 
Lithographing, topical list of fire dartgeras 355 tis.) lt tl. . Sek 147 (127) 
Ppadiig of sptinkter heats. es aiusc}. oss bis xa toe. Be 494,* 496 (160) 
ET ia, ta ee ee ee ny i ee nn) peyote 88 (195-98) 
sea iste Ot Ore Manperes «cay. pse cs sons alse aPekhionat 130 (51) 
Locks, for fire protection purposes, Bpgle Lock Co.cccu ages. ast xe 834 
RSD EE ATES UONSOS cof Foe ora ee ate ow oo ce cies a ROTA. 414 (74) 
REMC ALOE DOR Sass oe i. ci thoy epi oP RME OE CER eS 406 (52) 
BPE MC OPEC AER Een eine teigt etna en cose e-SEGne Shee 488 (120) 
aE MER EESSSALIES, © eg otofau. cis n5 so eVox iosieots ikon AE 113-14 (271) 
popteal Hehoet: fire dangers. oo oo ose Alou Siew « Sienna 132 (73) 
RGSS SSODORES.? BEC oi <0 ob 5 wnc o,c/o!e'+ oe it AIT CE Cty I ee 23 (13), 28 (2-3) 
READE Bue Aeelorledicala  e wk een Gate as Ce RCGE coat. ee 30 
ReLemer mire por releases o-oo + caren ose bis ole 237 (21g), 239 (23-24) 
“ Automatic” Sprinkler Corporation of America...... Pefetayeivieieterat G71 
M 

Machinery, cleaning with inflammable liquids...... Sp ae pa enunOr. Keen) 
Magnesium, spontaneous combustion................-- 104 (244), 119 (8) 

Mains, distributing, see Pipe 
Mallalieu, Wilbur E., National Board of Fire Underwriters...... 22-24 
Malt houses, topical list of fire dangers.............scseeeees 134-35 (83) 
MPM SIEACTHECES CITY-WIDE | VALVE. cic osteo 40 so 5.0 «ss s,cptndinstenpesion ne 594 * 
MADRS SSVIUDOIS FOL SISTANCE 4.5) eset ob s/ppnsnd& 0:85 iavsrolevid oreuidie ¢ 4.0 673-80 * 
Wisrane fittings. Glectric, Lamps. . «cm Acs alee ieqadjs oviec ra cooe snes 38 (29) 39” 
“Master Model” safes, The Meilink Steel Safe Co........s.2040- 838-39 
Match factories, automatic sprinkler efficiency..............+.. 476 (63-64) 
NOMS hic is Ra a Pie ite ge ele ee 5, 2 111 (263-65) 
topical list of fire dangers....... CAE SoC ACES cree »1g2- (71) 
BACs SHE MOIME Ws orerdene oss os.<4 2 die OSPR CCE RCOP DORE. | 252 (11) 
Mattress factories, topical list of fire dangers.............++0-. 144 (118) 
MERC A SECA TAD OO ISE wer ernie oattiors aides 6) tne ds oda day dope eer eee ses 730-31 
Mechanical ruptures, dangers from.........++.+e++e2+0++ 108-09 (255-56) 
topical list of fire dangers............ ep TOIT CLIET PE oa 132 (69) 
Melting points of various substances (table)............0c0ce0e0es 732-33 
Mercury gage indicator for gravity tanks................ 377," 378 (166) 
Merrill, William H., Underwriters Laboratories................00. . 25-27 
Metal, asbestos protected...... SOS ICRI OE eescee 293 (3-c)5' 214, C4-c) 


H. H. Robertson Company.........+- leat esi eAmaanis. 826 
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WMietalbiniSecciecits css vos cmisiss.6 ale de oc o0 aby De wie ete ele ete Patios SOR ayes 
Diener, Geo. W.., Mfz. Co Rha ddaotoe mantis ae se Laas ois (80s 
Lupton’s, David, Sons Company.....++-+-+eeerreeresesseseces 819 
preferable to WoOd.......+seeessercetcseceseceeceseeces . 208 (33) 

Metal ceilings. . upercccone «0x7 P baleevls Adviscy alelcieele asses svmaes = 208 (28) 

Metal factory equipment, David Lupton’s Sons Company...+++seee+-> . 819 

Metal filing cabinets. ..........seeeecee eres eee resercecees bu.) O22) Gay 
for safes, The Meilink Steel Safe Co...++++++-+eereeeeeree . 838-39 

Metal lath— 

Associated Metal Lath Manufacturers. ......-+eeeecereerecces 812 
Consolidated Expanded Metal Companies, The....----++++++++- 813 

Metal lath and plaster......+..seeeesee cece eeeeceeee weeeee’ 75-76 (160) 
fire resistanCe.....cccecceceserseeecee 161 (2g), 168 (19), 207 (26) 
for ceilings. .....ccereseescuncvsces 75 (160), 207 (26), 255 (18b) 
for partitions. ......0¢seeeeeeeer esse see sec cereees 77 (a), 254 (17) 

Cement-Gun Company, Inc.....eee eee cere cree eeee es ereees 810 
for protecting roofs. ......-sse eee eee eteeeee see scer cers 213 (2) 
in dwellings......... Piha xensvecersravetexePananarastatte totet belie he 254 (17), 255 (18b) 
Ae CATAES a0 ocs0eo ce aae rectus senrveacevanceesersswevucesns 256 (14) 

Metal lockers. 2. co.cc wee eecen cceetesicnecseeeseeceewee cscs 88 (196-97) 

Metal polish, fire dangers........sseeeee cere eres eter steers 103 (239) 

Metal windows...... A ec vercavlate tare Wns Pera ncNe Nai, IW Teas Ae ee erm 241-46 (31-36) 
APpPLOWed . . x aablactelea vasa lle cu viele eee vary Oe Sve cere “ome com 224-25 
David Lupton’s Sons Company.....-.seereeeeceeeerrrersececes 818 
maximum dimensions...... sees cece reece tees ec eew eee eeec scree 228 
solid steel, vs. hollow metal sash.......+++seseeeeeeeee 245 (48-50) 

Metal workers, topical list of fire dangers..........-- 114 (119), 148 (132) 

Metals, melting points of various (table)......++ssseeeees sees eeeeeee 732 
spontaneous combustion of finely divided 7.0... = 104 (244), 119 (8) 

Meters, Factory Mutual. ........csee ee eeeee ree eneeeree erence - 330 (80) 
HITGISELVICEs asicis!-lsicalelsiels|wiltin v's Sic, 330 (79c) 331-33 * (82-86), 334 * 

installation” ©cd.640 lkae0 eta can ss ees es Sse 334-35 (87-89) 
manufacturers—Hersey Mfg. Company.....eseeeeeereres 790 
Neptune Meter Company....... eeeees 792-93 
water works conmections......-e+eeeseeeeeeeeees 321-22 (61) 
friction losses. ....ce eer cee cee e ents e see etceneces 328-29 (77-78) 
Cable) 110. Ves « se Veale s eiee ernie ee stubs «min were epee 691 
Objections to... ..cseececcccceeeseesrecercecvcecs «+ 327-29 (74-78) 
WiOnturi ssi tctertetes ce vie'cle be cielelelblsy eceinrs Obins Wistele ure eiin.e Slemtere . 330 (81) 
see also Gas Meters 

Methyl chloride for refrigeration. ...... 0.0. e eee cece eee eens .. ro2 (237) 

Metric conversion table.........eeeeeeeeeeeeeeces Seuss See taeen 73058" 

NGI conistructionircswcicctsfer cece lc ve eles ale aeiniein toe eis G6 Ciotne arenas aie 1go (1) 
AAVANTATER <a cue ahve Vs oe ce CMe enis Saree aNiLss eves 190-91 (2-3) 
AEH” loldascharc-s'sts srk fintes win vlele e iMleuhons Cielo anne cele erae .+- 197 (24-25) 
Aetails adic co sa nase ee de. MMlsture albnaeinaaiice eer Reiter 191-95 * (5-12) 
disadvantages ss cseedoceescsactsccucen ae Wie nus(ajela Saki areata tor (4) 


exposure protection........+sseee Fa cee aia SION G are taterer eee 196 (16-19) 


———— 


Index 879 


Mill construction (cont.) Page and (Paragraph) 
heights ....... A it Saree by Piste euseecie a siess 197 (24-25) 
CRT BES Rios Be Dap eae ee ie 197-98 (29-30) 
BCHDUEES Sac een yeas see ene wi = Bis oa igtainte Sails pias 198 (33-35) 
SPCCMCAIONS, PUWIMORTAPDY 2 16101 om emis gis oto esp hed s! asneiete'sl « 199 (36) 
On aonal BOard .<oon . weatade Saath sas + sky 195-98 (13-35) 
ane fre trea tata’ CLARO) a << 555% cess ema ce se cake ke an Scots anh ote . 696-97 
BE me lainps 2 onset fe see Se eeie wah sbistcks Sie msyea'sce% seers speis - 50 (69) 
MEmHOr Herries ese kcotrs ose te = ser spr jesan 2550 415-16 (79), 417 * 
WE LONS nr sae meio eis oes 5,0 85's Fie clo 159,* 160 (16c), 217-18 (16) 
Motion picture booth, standard metaf. .. .. 2.022202. c2ecses0%e Acie TT Ole 
Motion picture films, see Film handling and storage 
Motion pictire Batsess © mbes mies oe elas oes AGE Siac Sete RN fs nie) sap 269 (8) 
Motor fire apparatus, see Automobile fire apparatus 
EIT OTC BO NE cid Bian ae tomta nals ois aye bra ieleiarotd s Alea 37 (27), 65 (118-21) 
Municipal fire alarm systems..........-- 305-08 (93-103), 619-20 (4-7) 
SUNVEDEL, COMPABG. 1 Wess ais se O.crexas Gileaks «wine 9:68 Sie)0/0so/nie oho bie.of loi 800 
Mushroom construction, reinforced concrete..........-- siete sieiats <~. 278: (42) 
N 
Naphthalene .......... RO ery. pte tha/< namoid Sea a teiete ste pica tee Kt Beer se 
National Board of Fire Underwriters (author) 
Budding, Code, (cited er o5.cteoo pn aes «i050 09.00 2s pin 200s crip ns 247 (3) 
fire resistive construction, extracts............ 186—89 (59-80) 
mill construction, extracts..........+..-.6+. 195-98 (13-35) 
Dwelling Houses, cited: 6 ove oc ccce race eos cre sereavigeees 251 (4) 
Ordinance for Construction of Chimneys, abstract....... ve er Cras) 
Ordinance for Small Municipalities, cited............+-+0++ 247 (4) 
Public Fire Departments and High Pressure Systems...... 270-308 
Safeguarding Cotton Against Fire, cited.........+++++++- - 24 (14) 
Safeguarding Grain in Storage Against Fire, cited.......... 24 (14) 
Safeguarding the Home Against Fire, cited...........--++++ 24 (14) 


Standard Schedule for Grading Cities and Towns, cited.... 271 (3) 
National Board of Fire Underwriters (publisher) 


Rules— 
Blower Systems—conveying, extracts.......---+-- «+++ 89-90 (199) 
Beats Oj EXEL ACEB eles gic sis As ol osiela'pie islvte nla: sical » 75-76 (159-60) 
City Gas, Installation, Etc., cited..........-++. 42 (38), 44-45 (45) 
Fire Pumps—centrifugal, extracts.........-+++eeeeeeeeeeeee 367-68 
electrical driving and control, extracts......... peceeee 359-61 
gasolene engine driven, extracts.....+:+-sseeeeererers 369-71 
Fire Pumps, Steam, extracts........-eceeercccrercrcceres - 344-51 
Gasolene Vapor Gas, cited........-ee cece cess scccecscetere 45 (50) 
Municipal Fire Alarm Systems, cited........---sseseeeeeee 305 (96) 
Oil Burning Equipments, cited.............-.+---- 55-62 (88-110) 
Protection of Openings in Walls and Partitions, cited.. 223-30 (6-7) 
Pyroxylin Plastic, Storage and Sale of, cited...... ome 120 (9) 


Roof Openings, Cornices, and-Gutters, extracts.... 217-19 (16-25) 
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Sprinkler Equipments.....------- Kea ead dae eats Sips 526-55. = 
alarm system....--++-+++++ ib ween Cee eae aes 566-68 (41-46) 
dry pipe systems. ....-.2-.ccececsseer rs essscrscecees 583-86 
fire department connections.....--+-++++-+++++e0 Oe F 2 
laying cast iron mains.......+++-++++++++ See eo cose < 397-98 
OPEN ied dddd decades th iwelateedanssseues be. Peed bree 
Steam Pump Governors and Auxiliary Pumps, extracts....-- 354-55 
Tanks—concrete reservoirs and valve pits, extracts...-- .-- 388-89 
gravity, extracts.....--+++++++s Lie suai tae ee woseee 3O1—om 
pressure, EXtTactS......s-seeeeeeree sr esereeeneseses 387-88 
Valves Controlling Water Supply, cited.....---.--++--+++- 408 (56) 
see also National Fire Protection Association publications— 
Standards 
National Board of Fire Underwriters......---++-++++++-seereesee 22-24 
fire tests of building columns....-----++++++++++> 183-86 * (56-58) 
investigations of fire departments. .......-++++++e+seeeeeree 271 (3) 
National Electric (Fire) Code, cited......----+eseeeeeeeetereeee gr "Cxt) 
National Electric Safety Code......---+++e-eeeeeeee 9 (6), 31-33 (12-14) 
National Fire Protection Association.....+.-+++++eeeeer teers eeees 18-21 
publications ......--sesseerseee esse scree eseseesecess 19-21 (8—14) 
Dust Explosions by D. J. Price and H. H. Brown, 
Cited: Gece ss Bee cs Rade ORE en a 106 (251) 
Fire Protection for Hospitals, Asylums and Similar 
Institutions, cited. .... 22. e eee ee ee eee reece . 267 (1) 
office building specifications. ....--++e+eeeeerreeee aves 263 (8) 
Organization, Drilling and Equipment of Private Fire 
Brigades, extractsS....... sees seer eee enes 418-23 (81-85) 
residence specifications. ...... ee eee cere cece reece eee 252 (5s) 
Safety to Life Committee Reports—department 
SOLES sc cans Unto sb ciel ae Oe Re SRIRe sie emia tee an re 248-49 (3) 
Safety to Life Committee Reports—schools......-+-- 265 (4) 
schoolhouseS « «swe sas (anae see echt oe Sune 264 (3), 265 (4) 
sprinkler fire tables........eeeees sees eee eee e eee reee 743-605 
standard outside stairs, specifications...... 651," 652 (30-32) 
Standards, Lightning Protection, extracts.... 114-17 (273-91) 
Standards, list of.......---sceeeeeseceeces Pekar ere 19 (8) 
Standards, Vaults, extracts.....--+-++-++++- 662-63 (13-14) 


Standards, see also National Board of Fire Under- 
writers (publisher), Rules 


Structural Defects, cited. ....-..e eee ee nett erence . 208 (30) 

Suggestions for the Organization and Execution of 
Fire Drills, cited... ......ccceceeccccvvecs -- 653 (36-39) 
Uses of Wood in Building Construction, cited...... 210 (42) 
National standard steam pump....-...- eee ee eect eee eee eees 340,* 341-42 
Naumkag Steam Cotton Company mill fire........+.++.++0. aici 3 SSCL LD 
“Neptune ” Trident-Protectus meter. .....+++++eeseeeeeeee 333 (86), 334 * 
Neptune Meter Company...sereseesereeseerstercrrseseeees 792-93 


New building design.......-++> As wots Ke ey waivers ote 155-56 (12-13), 157 * 


—e 
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New buildings, planning fire protection........ a eg. s ofaminte ie aleters/eTe arsin «fe same aan 
New York City, high pressure system........... seeeeseee 300-01 (84-87) 
Newark* factory fire, (19100. ssc 60.05 xt .i ai ce ecsene alerts Wie alelete ne ctagebOr (Cr) 
Newman valve supervisory devices.............c0000008 cee, QSzP Crise) 
ENtagard  YGEY pipe WalvGrs gone css cos pcoas cadet se ouees i Meee steer SOS: © 
ROPER ARES AS oe «ore nial a aw ate PSone Sau aga IAS era te Shaerteee eather TEO CZ) 
WNitration of coal tar derivatives. .. 2.22006. 000 060% Bes thea tee sons 123 (26) 
JULES Cag Eee eye TOE a on eo aera le SR re aa + otr8, (3) 
SOUL Soo sn cre fessor es ast aedecaees Fedesadsaces oent2Ee Gls). 735 
Miraccetimmoses fn6 32 oo Sdhaws ote o ccs 25 500 T8R EPA EK 5. hav atelatoe ate 11g (9) 
“No smoking” signs in various lafiguages................0ceeee Lio 
TESTS Speed tg > a2 let el Loc: eae esr “Wo ee eS 5 436 (29), 448 (83) 
classification of fire appliances........... Fa aa OO Barb 
Diexes,, Geo. W., Mie CO-- c:.5, Peer tw ande hes is, 6. sina sient OOS 
Foamite-Childs Corporation..........+.+0.seeeeeees seeeeses 806-07 
Protex Fire Extinguisher Co............+ ie sae dies ore bed see OOS 
GH -Preezitie (ROMIEIOTIS 1s 2 alot. = ato! a'ol<!olale'slsis'e ssicicls ashe sole ale. 439-41 (46-55) 
Non-freezing standpipe systems................+..6. aint stolefomeye +33) 440.073) 
i Ge “Corurll ~Comban yt. 2% olcoo eo ic'= oe Fore a colere on ateeet oe gatas . 811 
Northwestern Elevator disaster. ........ccsccsccsscscsscveces se 207 (252) 
Nozzles, discharge capacities, relative (table)............eeeeeees 693 (8) 
discharge through smooth (table)..........--eeeeeeceeeces 698-702 
CELE EUTOS Sete Ai oh yea eng ae by las A Se ROR 415-16 (79), 417 * 
BITUEE CHIE Sn hw od oo nile es. cieseeic Dale Fate osvonoisicte sale alee axete a vend tA’ C760) 
[RE pa Rte Oe ya ci RS fee arewjaleXa ta na sie ¥jo,4°e lo Nie, +» 293 (66) 
re) 
RICE DGUGINIGS. <6 os wis once ene vse eins ciaie Raa bicithe de aleve on. 3 310/04 20S OR 
combustible contents in...+.--+sseeeeeeeerereeeeeees . 241 (29C—F) 
(854 Bits (2:1 (Oe ie Lrolptenter (ia) 
heating OF... cc scccccccccccensccscessvcsercsncssegoone .. 60 (102) 
Oil burning torches, portable......--.+eeeeeeseecereeeeee 62-63 (112-13) 
Oil burning system, see Fuel oil 
Oil-can rack with ‘drip pans....-.cccccewesecrressavcceseescs ise be eyes 95* 
Oil house, specifications..........+++++06- ee 91-93 * (202-07) 
topical list of fire dangers. .....--eeeeeeree ee ceeeeeeeerens 131 (54) 
Gh dluminatiotiiacs oc os os 09 090 otases a 6 Made V sledd ols'e'sT ches 50-51 (69-73) 
topical list of fire dangers.......:sseeeeerseree ee enenanees 127 (6) 
Oil mills, cottonseed, topical list of fire dangers.......-.+++++++ 139 (100) 
linseed, topical list of fire dangers......-+-++++s+eeee ool 4a fitz) 
Oil room, inside........--eeeseecr reer REMeaah.) seiatadiae 3 a> oth 93 C208) 
Oil seal float indicator.....6--eeeceee cece cree rect ttenes Mo Sarmearelels 59 * 
Oi “SWitCheseiiécicaicncied ocemees NS es Ie a RICO: eovence 34 (21) 
Oil tanks, fighting fires. ......+.-eeeeeee cree crete eee teens 428-29 (106) 
foam extinguishing systems for fires 425-27 * (92-100), 429 (A, B, E) 
Fel veers sors <2 sere Salatanal teas Oe eilases B. . afi cee S5=59" (88-98) 
lightning protection....... Ee he ta Oe Svan ofa e Dre. 117 (292-93) 


Sealite for preventing fires......+seereeeeeerreres 427-28 (101-05) 
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Qilcloth works, automatic sprinkler efficiency......+-+-++++ . 476-77 (65-66) 
topical list of fire dangers....----+++-+- Be RPO es 825 oe RAG Cree 
Oils, flash points and other data (tables)......---eeee cece eeeeeee 738-40 
handling and storage.....+--+-+sereserrererer sts 90-94 * (200-10) 
hydraulic systems. ...-----+eeeeerer ees eetesrcrteees 97 (222) 
Farr Hydraulic Systems, Incorporated....---+++++++++7* 840 
topical list of fire dangers-------+----+:*7+-:"° 131 (53-57) 
focal ssupplies<c.s 2252s. cn ene siecle seems vera assis wee ae 94 (210) 
spontaneous combustion.......--.+++++serrerrreteete 103 (240-41) 
spontaneous ignition, relative tendency (table)......-----+- a6 ay Sh 

see also Fuel oil 

» Gasolene 


Inflammable liquids 
headings beginning Oil and Oily 


Oily materials... .....sceseseseseeceesesstesccesesoser eset: 85 (188-89) 
topical list of fire ancers See oe. io a ain eysarsiacrbeeeens 130 (47) 
Open sprinklers.....0----secee ress eer rere ee ster stes eee 610-15 (1-11) 
discharge from (table).......++seeseeeeeereeeeeretseercerees a Fee 
Heads) inte otldcs oc cragas cae tine see « Sesiay Ninian An wsselenuens Sie ame 611 * 
installation diagrams....-+-+--eee cere eee e eset ee eerste 612-13 * 
manufacturers— 
“ Automatic”? Sprinkler Corporation of America.....- 768-69 
Fire Protection Company.....---eeceerecececceccreeeees 772 
Globe Automatic Sprinkler Company....--++++++0eee000 773 
Grinnell Company... ...cceeeecee erence er ereteesceee 774-77 
Phillips Company, The......eseeeeeceeccceeresesecceees 780 
Rockwood Sprinkler Company......--+eeeeeeeereerreees 778 
U. S. Construction Company. ...... cece cere rcecees Py 
Vogel, H. G., Company.....eeeeeeereeccesecsscccees reves 
National Board rules.........eeee cece reece etter tees scerens 615-17 
water SUpply......ceeceeccceeeccccaneccesececeres 313-14 (23-24) ; 


Openings, see Vertical openings 
Wall openings 


Ovtside: stairs cscs 5 wiwsem 0 min 08.4 ane whine SEINE Mp 651," 652* (29-32) 

Ovens, see Japanning ovens 

Oxy- acetylene welding systems. .......ceeeseeeeeseeweeresens 48 (66-67) 
Linde Air Products Company, The......seeeeeeeenccectencvees 841 
Oxyweld Acetylene Corporation......+« bo ss od dele ne Demise Pate! 
Prest-O-Lite Company, Inc., The. ....ceccceeeeeer cece receeeees 843 

OXY BEN) ccc vevev ener rete ss ee wee seek Caeeme ome & 49 (68d), 120 (12), 735 
Linde Air Products Company, The......- Ravana hate hikrdrd sooner SE 
Oxweld Acetylene Corporation... ..ceeecencrereercetrenerececs 842 

P 

Packing houses, topical list of fire dangers..... bisa Sere st Banat eters 145 (121) 

Packing materials, storage. ......eeee eee eee eter e eee e eet e eee 86 (194) 
topical list of fire dangers. ......+++eeeeeee eee eeeees 5s, oscpip SGOMCSUD 


et ee 
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Padlocks, see Locks 
Pails, see Fire pails 


Paint works, topical list of fire dangers........-..-...00+ SOOO 145 (122) 
agate, ee sPetALGant.J. os ase sis kiss aie Si oie opie sine c= af 210-12 (42-50) 
handling and storage............+6. eave -pewtanyare te 90-94 * (200-10) 
topieal list oF Mire dancers: occ. es < assis olsinetoies 131 (53-57) 
Spantaneous combustion. .c.- s<c.0. 66.0 « <isawe a 103 (240), 104 (245) 
rites POLES ters ooiecte eens a Pee « See oe icles © ayers Taree 21's ete: e 236 (19) 
RES EE ELECSAC TS OM ee rice ais, Sie ove aires sayoie, «14. -0im(a,n\0 nolo rolahe a iptasiet emo 
Paper box factories, topical list of fire GANGES. bs osm sfelercisree - 146 (123) 
Paper mills, topical list of fire dangers.............. 146 (124), 147 (128) 
PAranets Sa cheese he ows cee snbee nase theres 158—-s9 * (2C—D), 160 (16-17) 
accident) prevention, vale oo ciec 5s. 5 0 nie ocr sicye salen ae ooins @8 apart 7) 
mill construction buildings............ee-ssesee8 5 co 96 1-(16, 5 25) 
Partitions, expanded metal....... PE OOOO OCR SORE a CO EAa 208 (32) 
TE) CERIGHIVEs or cee oleic <'siele cles = © < hatte 179-80 (45-46), 187 (70-71) 
RYNSU Sue ac scene t ec antsy an on dabble Sa nist aetes 179 (45), 187 (70) 
Structural Gypsum Corporation. « ooo 0 oc «cio nie o isle ole c10.0 «0° 830 
United States Gypsum Company....+.ecccececccescccecs 831 
metab iaih ANG Plaster. occ sen os Sein s ana cea h Seas 977 (a), 254:(17) 
Associated Metal Lath Manufacturers.......+.+0+++ erase 
Gement-Gun Company, olmles a 03 « sive 6 ofa or 0s wave dso vies bie 810 
Consolidated Expanded Metal Lath Companies, The...... 813 
protection of openings...... 220 (2), 221 (3F—N), 221 (4), 243 (40) 
see also Fire doors 

stopping Off.....--..-cscseeesecsenes er canes © -e Sie's lots wcesp) 208: 29) 

Pendent cords, see Cords, electric appliances 
Pensky-Martens flash point tester......-.---++-+++- save aelstesls - 96 (215) 
Winn€ MHOUSES Ia ices oo Calcelees co oe dma adeiaalencs.cNapieeiteiee See ales 218 (16) 
DIP Er Oxides) core <te o:e'ster<ieie'e vivivie/wininie/eio:aiviieje/e aier0.s,eieie0.0 0 te male 2,90 - 119 (7) 
Phosphorus .....-ecececccccseeeecces sees eensererccrnsceseeens 119 (5) 
WPicriCwacidts 25 butt oir.6 2.o.05)40 ovis en Sal UG olawee « slaw otha 124 (31), 741 (47) 
Picture frame factories, topical list of fire dangers......... coree 146, Gr25) 
Pintsch gaS...c.cesscerscserccccecceeece PeeMicalnie taeerisl nd gee 49° (61a) 
Pipe acacas Pe a eee ee Psa of etowcttevenss saa ge pee Meat 391 (2) 
capacity of wrought iron (table).....-.s+-eseee cere eeeeee > Bisiirg: ts 
clamps for underground......-.-eeeeseeeer eee eeeer tere enent 390 * 
discharge capacities, relative (table).........+-++ . 682 (3), 690 (3) 
domestic kept separate from fire..........-.- seeeees 391-92 (3-5) 
friction of water. (tables)... 0060s dciesies woos vecevienssloine cee 686-89 
HAN SETS) ue ae ee sce ewele bh re aces He aan Hidde ole jetejn dmb ioe alee - 547 (36) 
incrustations and deposits.........- ITD COR ee doen 400 (36-37) 
Nayitige 10th cada sess es «fate ahs Alain ase Fst s08 397-400 * (18-35) 
COSE Rye etelete cielo et Be, OC COCCI LODE Cert 395 (13) 
planning layouts.......+.sseeee sees eee eee e rer etees 393 (8), 394” 
SIZES ae eats ole wins silo od blew oe ae ter Lae 392-95 (6-12) 
Prrigaieerphes7h WIG OCOD cere ee: ewe CE WE odors PT a Ie 6 (e) 
sleeves: .... Se Tee 73 (156), 74,* 75 (160c), 77 (162b) 


Dryceil Pipe Sleeve Company....+i+++-++0eeeterteceeeee 829 


De 
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specifications .....-- Sheaitere Bie ale ueov ae one pate a eeerabers 396 (14-17) 
strapping methods....-...-++++e+eeeeeereeeesesees 541 (26), 543* 
testing occ c dense ccs veeeleetdeecsessccsdews css 398, 400 (32-35) 


see also Automatic sprinklers, pipe 
Gas pipes 
Steam pipes 
Stove pipes 


Pitch pulverized... .......e esse eee eee eee e cece eer eneees 53, 55 (86-87) 
topical list of fire dangers......--..++++e++eeeeees 127 (10) 
Pitot tubes (tables). ....cccsscacsscccenscccccsseccsccmescsecens 698-702 
USE" OLs see oe ole ais Ne. Cake eels ¢ tie stan ee ta ate avian 317 *-18 (44) 

Pits, valve, see Valve pits 
Plan notations, standard........--eee eee e eee eee teeter eerie 673-80 * 
Plan of fire system... . ssc ecncesens 394,* 420 (85A2), 424 (90), 429 (f) 


Plaster, see Metal lath and plaster 
Wood lath and plaster 
Plaster of Paris, see Gypsum 


Platforms, gravity tanks.........-++++++-- 13-14 (31-33), 375)" 378 (167) 
Polish, metal, fire dangers.........0--- see eee sree cece cece eeeee 103 (239) 
Polishing wheels, dangers from mechanical ruptures...... 108—o9 (255-56) 
Pollution of drinking water, prevention..........+++++++ 324-27* (68-73) 
Portable cords, see Cords, electric appliances 

Portable fire escapeS..... eee cece cece cece teen tenn eeeweeeeene 653 (33-37) 


Portable forges, see Forges, portable 
Portable furnaces, see Furnaces, portable 


Portable watchclocks...........eeeeee8 a eee ae bO Prone s whteren 639 (55) 
Chicago Watchman’s Clock Co.... +... cece cece cs eee r erst erences 797 
Eco: Clock Companys, os 0000 cencsin hoe me Se wesid eK cl 5 eI ee 798 
Hausburg, Bu O. so. ccceec ence ensneesiewiesgncnenenee ccs eee 8o1 
Newman Clock Company, Inc.. 2.20022 ee ce ceee cesses ceeewees 803 
Portland cement mortar on metal lath...........-- 0 eee ee eee eens 168 (19) 
POSE CAPS .an. betaine vs cc uae eeeies tes thes IFS fadNeet vakarneee 193 *—94 (11) 
Post iridicators. ....icce.ees VOtN Clow «<i cicralalenentehererel eine sreerern 405 *-06 (50-52) 
Crane Covnassrs cca Ganeecses ob a6 # We eyis Reale eta as een 786-87 
Eddy Valve - Caves ost0c0.4.s «0s Seawiie dh thle se kOUN Sle sth Seeierameinis 788 
Kennedy Valve Mfg. Co., The... c.ccevccscccuccsvetnccucscs 791 
National’ Board rules. 604 <i eWilds SOAS. ste titeeisias Sh eI - 546 (32) 
Posts, sizes for mill construction.......... sees ee eee ew ees cece 197 (27) 
Potassium, spontaneous combustion. ........eeee esse eee 104 (244), 119 (8) 
Potassium chlorate, explosion.........ce.cececeecenscencuccuess 113 (266) 
Potteries, topical list of fire dangers. ......ssceseeccnsecevecewes 146 (126) 
Powder plants, automatic sprinkler efficiency. .......-+..-+.eeee- 477 (67) 
Power generation, fire dangers. ........ ee eeeee eee ee ares 51-61 (74-105) 
topical list of fire dangers. ..... cesses eeceecdinweees 127-28 (7-20) 
Power transmission, fire. dangers.... ss sevs.ese sen eee 67-68 (132-38) 
topical list of fire dangers... sscevcwssvnn es Melee Beet 128. (21-24) 
Premium, low insurance, indicates good risk..............-.- ee sesice: TAGE 
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Pressing irons, electric.......... eicisthShe aie xen eee Cees e ees sees eto .032) 
1h EPI RE ILI Gee Riciote ye ane eet bia niaueys Stas 5 e/S\eis) 310s 79 (168) 
Pressing irons and heaters, topical list of fire dangers.......... 129 (34-35) 
UTE ah) ew ae We ges Ge GR A oe ee 336-37 (93-95) 
CERO Giger s wis tis bap sit awaits. See Oem AS 
Pressure regulators, see Pump governors, steam 
reinitee faiths ee se see ee aida mew Ss ares io es iens sci 384-87 * (171-83) 
amount of water and air pressure (table)..........:.....0005 723 
capacities of horizontal (table)............-.....2..e--08- - 720 (26) 
dimensions of horizontal, (table). .c <o5.- 10.0 «1 jane wine oe 0 210.056 719 (24) 
]exress presstire) calculations... 2... 2.62 cai0s 2d, 0,045 >. 386-87 (175-82) 
Blattonal (Beard etles. © xtractse oo oo cis wis o1sie ose ss we 4 oi alwralene . 387-88 
necessary excess pressures, (table). .... ...-...se0d¢rjecesee Peo EE 
water height and pressure in horizontal (table).......... 721 (27) 
Pressure tanke tor gases. ~~ <2 oa cc ss sc cr cccee 50 (68), 108-09 (255-56) 
Price, D. J., Dust Explosions, cited.......-2+e2eesceeceeeecee 106 (251) 
Principles of fire protection, fundamental...............++seeeeeeee 1-4 
Print works, topical list of fire dangers......-.---s-seeseecsees 134 (82) 
Printing, topical list of fire dangers....... Sastahais iaaecoinus apiaial =” 147 (127) 
Private brigades, see Fire brigades 
Private fire alarm systems..........----eececcccsoecs «.. 621-26 (13-33) 
Private protection, fire system plan.. 394,* 420 (85A~2), 424 (90), 429 (f) 
aera eis CES oe ates ate as cle eed tasters alain aad Suri outs o anal sainieies + 391-429 * 


see also Automatic sprinklers 
Fire extinguishing apparatus, interior 
Open sprinklers 


Water supply 
65-66 (122-23) 


PEOdUCEr BASe conic rine vce vicina cc wcnpye cleicisererncciccasans 
topical list of fire dangers.......---escceeeeecceeersseees 128 (15) 
BO pais ttt ite sa se sles eo ee ees Seagal lew irele s 102 (237), 735, 736 (40) 


Public fire protection, see Fire departments 
High pressure fire systems 


Water works connections 
-at 68 (138) 


Pulleys, fire dangers........--+++++ SMe rit aig id aia einlote’s|o a7.9 
topical list of fire dangers.......++sseeereeeecerecceeeees 128 (24) 

Pulp mills, topical list of fire dangers.....+-+-+++eeeereeeeeee 147 (128) 
Pulverized fuel. ......cescce cer scerccesecescs ghee api gounvisis 53, 55 (86-87) 
topical list of fire dangers.....--++esseeeee rere reer ereeeee 127 (10) 

Pump governors, steaM.......s-eeeeeeeeeeerees 340,* 352-54" (117-23) 
Fisher Governor Co., Theé....-sceccsccccecerescvecssens 789 

National Board rules. 2. ....0.ccscesccesccsccussveses 354-55 

Pump inspection tables...---.+-e+eeeeeee eee eeeee 683-84 (7-18), 704-13 
Pump tanks, oil.......---+-+- oy CRIB ED AOR ET OO IOS 94 (209) 
topical list of fire dangers..... Fished erecseatg 6 Haig a . 131 (56) 

Pumping hydrants.....----++++eeeeeeeeeee AE Co GOI? 357-58 * (133) 
Pumps, automobile fire...-....-. Pe COS EC PO LEE are 285 (38) 
gaya tixiliany, son a< << wate ee cB aes 2 340," 342, 352-54 * (117-23) 


National Board rules.........-.---eeseeereee Got 354-55 
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Pumps (cont.) Page and (Paragraph) 
Booster wet eiaisieete cites e7 Airs ces 3% be o's 371-73 * (155-59), 463 (19) 
Grinnell Company...eccscecceccccecscceseccscserererens 776 
Centrifugal s...dcas oe PES enact nore wee+ 362-67 * (144-51) 
fire eEngine......ccccceceserscscsccssssssess 286-87 (42-44) 
National Board rules........-- tales mia etaiere ad eee weees 367-68 
steam turbine driven.........-.eeeeeeeececeeeeees 369 (153) 
electrical driving control 359 (134-36), 371-73 * (155-59), 463 (19) 
National Board rules, extractS......--.++eeeeeeereee 359-61 
HIKE TEM CITE fore tie <'o ate) stale ls =) socio wte aa maaan sone ee 286-87 (39-44) 
gallons discharged per revolution (table).........-.-- seede726—27 
gasoline engine driven.........-++ee+eeee recess ee eer eetees 369-71 
Prada ch Seo, hare teteRasiolos erete lololetel df oletale se (ote winlale ateecnere 434 (17), 439 (45) 
classification of fire appliances. ....--.---ee cree eeeeeeeee 431 
Geo. W. Diener Mfg. Co....-.2eecececercceeeee oathoe as CaS 
FOLATY. oc eesti) oiaieretslate’ ol arel ole ciyintso' sl elchatar nebolalet sere ata a 361-62 (139-43) 
fire: (engine. . cic cise sos s cn tv tleewetuwece seus Ne aiem 286 (41) 
SECA Ge cloiecics) osite it caesar sicrceleie sc ef sas a wey 337-44 * (96-115) 
National Board rules, extracts.........-.+.eseeeeeee 344-51 
ratings for duplex (table).....-..--.eseee sees eee eeeeees 724 
SUCTIONS:. relia ci cles aeons ersie ters nro ote ee <a a 342-44 * (106-115) 
for Centrifigal os sete, ste a mee 363,* 364 (147), 368 (55, 61) 
National” Board ‘rulesii% o.25'0s st UCAS Oe. oa aaeee 350-51 
water elevation by (table)... 2.0... s.cccecce wee ew eweeecens 725 (30) 
“ Pyrobar’’ gypsum products, United States Gypsum Company.....-.- 831 
Pyroxylin plastic workers, automatic sprinkler efficiency.........- 477 (67) 
Pyroxylin plastics. .......+-sscccccseee cece ee ceesece Bee are cece) SEQ) CGD 
Q 
Quarterly of the Natinal Fire Protection Association........++++++ 20 (12) 
R 
Rack for oil cans, with drip pans....... eee eA OR on oe Syne CONE: 
Radiation Of. beats «cei ws eeitis.ea bmi ces sieaine ers Sten eiere oe MEST ey 153 (4) 
through ‘walls... ccmnge cs 0% cw och. wanes ey eaves salvage cree 161 (2G) 
through wire glass......... > aleb oe Me win bie misle lars 243 (39), 244 (46) 
Radio signaling’ apparatuses «40 ..«s ss oes sci e cue set oe 41 (36), 641 (70) 
as fire dlarmSa isc v.cce wa tc sonics weuhs ae Cake aaa Rae 307-08 (103) 
RAS, TNISHING cn vss. 5.8 5 winnie wits be +6 van © Sis Mien n NNereie Le Re leretiers 85 (188) 
Railway car houses, electric, see Car houses 
FRATIBES ve ahve s gh ss nre'ereuene Sis atelnrs Sha = Wia]0.9.0, Wisiinis! avin es SME See Re Rene eS . 76 (161) 
topical list of fre Wanwers oe cois.c cis = ow oie se cisieie cicrere sie Ce tiers - 129 (29) 
see also references under Stoves 
Rating. schedules, factors considered. ..........ceeeceeecseeeeess 154 (7) 
Records, -fire ‘protections.c os svc sens se umene nein sminie s uviiaece 660-61 (1-7) 
document bGidings. oc. sil os sarees aelerciee cee eeerere es 662 (12) 
AUpliGS ton. veeas. ke sites oceveres seein cere teres . 661-62 (8-10) 
essentials ........ SESE Sette Sabet, Fresco Sera Re 
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Records, fire protection (cont.) Page and (Paragraph) 
FECOFG: TOOMS2« ss ocn a wc eget er tee Said) owe oer ere Sek dersete “0067 (CAE) 
rules of practice........ wins scot ates tothe asieis eleeisjc see tOG7, C24) 
see also Filing cabinets 

Safes 
Vaults 
Refineries, sugar, topical list of fire dangers...............0000. 149 (135) 
Refrigerating systems, fire dangers.................4-- 100, 102, (236—38) 
fopicah Met ef frre dangers oe ncn on ee ale 131 (63) 
Refuse, storage and disposal.................. 52 (78), 84,* 85 (185-86) 


Regular cleaning, see Cleaning, regtlarity of 
Regulators, pressure, for steam pumps, see Pump governors, 


steam 

pikelchel  evstems: hirer slant. <i sac sek ote s nue ele etl tees 2 . 630,* 632 (46) 
Pine) SPCLELEO oS CY UIEL,. cect te poss vieveralsrshors oe aka Ta 799 

Reinforced concrete, compositions « 2 <2 aacsie ces wes oie wba 8S 187 (72-74) 
SASHSELTICTSONE 9.0 spree wre eS LO pe he ate Ie 175-79 (35-44) 
National Board Building Code.............. 187-89 (72-80) 

MPRA INY Ne aie ao ns oe i BATA nln See isla Me 171 (25), 179 (43-44) 
GCement-Guw Company, [900.0 sisi<.c.n 00\01s.e0 10:0 19:31 ¢.0a0 aid note OLO 


see also Concrete 
Fire resistive construction 


BROT RCHOUNEA: OUIPINE.c. — wise clioniintnw-a x piniota ett ile wis oco'crle Sle tie 450* (90) 
ES et oe a en, a eS eae 35 (24) 
ESA V G USE~ Cems GO ass big 01S 10 So loyn,fo'd "01 Ata 'a/oiod he ae ate 835 
Beports, Grinnell ‘Company, The xo < ocicistnlF cist ov oie 35 8001s sie o oid valde Prarie | 
TR ePCRAERCE TIO UTEOW tan cA hd Aa aid 8/2 alse civ a ¢ divl erase lates ols tart = BAO 
see also Self-inspection 
Rescue squads, public fire departments..........-...-- Waste ieietie's 294 (70) 
Reserve, capacities» (table) ac giscionle ocho e's arate w orulotdislne bela e oS 721 (28) 
Of PANIP gira sae ssa Ss 5.0 8 iis ss bp b> Dibra sib wb wae ielt ee 314 (28) 
ICL EEE AS aioe Herd ET nee EA cr Main SOP a dd eae alee oe ele 388-89 (185-86) 
suctions in joint fire and domestic.............+++. aa ee 944 Gee) 
Residences, see Dwellings 
Rice mills, topical list of fire dangers......2.s00s0c0e00eo0e oni 147 (129) 
* Rockwood ” alarm valve, variable pressure.........00seeeeeeteeees 566 * 
OL¥_PIPE) ValVie part per re molto cnr d Ce HOWE ts FET sea te si Bie re fal 596 * 
Rolling: shattersy <<<. .se sc vvewe'e 224-25, 228 (6), 229,* 230 (d), 232 (4) 
elevator doors.........+ Lite Anes PA a siete PI cutodian tehts 12 (25) 
exterior wall openings..........+-+. 156 (12 E-F), 245-46 (51-55) 
Iiduisable, Of Maint CXHbSt. Jaiass ands wle eee tl OiG eats eee 11 rg) 
manufacturers— 
Kinnear Manufacturing Company; The......s.sse000% 814-17 
Wilson, J. G., Corporation, The........0...06. seee 832-33 
Roof construction, advantage of flat......... DOP IOD PR HUT 160 (20) 
fire resistive buildings...............005- is oie Iolleseela.latep .. 186 (65-66) 
Structural Gypsum Corporation. ....ceessecccsercvens feo O30 
United States Gypsum Company.....ccscsevvcserreces DaSSt 


jnconibustible: 2. ~<. > ~!'se05 o> DWE cali: siegeiete are eat 213-15 (1-6) 
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Roof construction (cont.) Page and (Paragraph) 
OVENNAal itl @lolssyeisie 1-1 sie aioinlcfaleiwrelo a sieele aravn tet nates 160 (19), 209 (39) 
thickness for mill construction........--+ee++eeeee 197-98 (29-30) 

RGOE (COVELIN GS :ors ereracpit¥era o)o\ele is 10/64) 0) sabia dlnhinl«: cal rokalaiete™ . 215-17 (7-15) 

efa(ap? debtor CMe SOA GOL COCO Or OCG H ern or a ae ete aes sists ue 2ig <6) 

Roof openings, protection. ....-..+-e-ceeesececcccsceees 217-19, (16-24) 

Roof structures, elimination of combustible.............+-++++++ 209 (35) 

Roofing paper works, topical list of fire dangers.........-+---- . 148 (130) 

Roofs, falls of material from.........22+--+- eee ce eceecccecececes 11 (16) 
Ralls o£? people front «6 aie «ac \araieynsiee own wiette I aeie = Sates See e sxe a73 

Rope drives, enclosures. .........cceecee cs cccesccccccnscccsecce 206 (20) 
fire <AAN@Eensij. « stisieldc s<tahi<o214 Sees ale m emtnc dee «sclelate weiss 68 (136) 
topical list of fire dangers. ....--....eeseeser cece eeecreece 128 (22) 

Rotary fire engine pumpS..........--- sees cence eee ee cee eeeeeees 286 (41) 

Rotary, Site) Pape. a.s.-heyanm nse asoumiejocie tems mala ts (es ae ee eh otae 361-62 (139-43) 

Rubber tubing for Gass, <4 am s/re.c am a1.ne oe. 1c einleiodlels ote s «ol oialaieiaia aie 43 (44) 

Rubber works, automatic sprinkler efficiency...........+-++.+- - 477 (68-69) 
topical list of fire dangers. .... 1.1... cece ceeesevccecee 148 (131) 


Ruptures, mechanical, see Mechanical ruptures 


Ss 

Saterdeposit, VatltS «sw ecuwieis.cmaiiew cn mc ewan «nec sieaiintgeen <pielemiae 662 (11) 
Galea spr Ons crore cyevecisie ejelereielare eles eis losin ao a6 a core Plot ssl eal ore eT - 664 (17) 
Mabel d aierasciciinccie nies. « sik eRe wigtkis CORSE See 665-66 (18-20), 668 (25) 
manufacturer, The Meilink Steel Safe Co.......e.eeeseeeees 838-39 
VETSUS VAUULESc arta «0 ale) Or wine wise Wiis, Wn niy OLIN OER te 664 (16), 668 (25) 
Safety cans, for inflammable liquids... ... <4 den wcmbicless Ses tele 98 (226) 
Geo, W. Diener Mfg. Conuceieced ccthisk cena Chow Sure BN 805 

Safety organization,,, plant... -.<.0,.«.csiaealsh.»05wabtoweat s +S eneemeniee's 17 (50) 
Safety, streadeis:ia- 2 aw aiadiniial us Qos Semse Wires Otce ae ernie s Ae Rien 221 (4—A) 
American Abrasive Metal Co... .....eseceseccccccsces div wetn soak 
Safety valves, compressed gas tanks. ..c..s.cevseecccccusveccens +. 50 (68) 
OH MtanksiGn.. ireronece ee Soe 57-59 * (96-07) 
Salamanders, 5 vo 060s er sey Weddle dia cu0 0 Gee eM eae 82 (178), 130 (43) 
Salts non-freezing qualities: si. stmiswitnsy queens peste oe pths 439-41 (46-53) 
Saltpeter sacks, spontaneous combustion............eeeeeeee sac TOg: (249) 
Salvage work at fires...... Wits phic ews 1p cS ous ena es BESS RSM 294-95 (71) 
San Francisco fire, effect on structural members........... «s+ 167 (12-13) 
unprotected wall openings...........+-+- wdidawedere Meet owes 240 (28) 

Sand, for extinguishing fires........ 436 (30), 437,* 453 (103-06), 454 * 
classification of fire appliances................ 431, 432 (2e) 

Sand tdryersyas7) sie) son eemupens Gbty as eet tw itersloanka & sR RN E Ce 82 (179) 
topical list of fire dangers...... VON War anaes Gee et Pee Kee Ys) 
Sawdust, absorbing water with it..........0v. weqndmewoae stieWeKis 458 (124) 
HiUyrahos och abaseer aint» alters hops nip SRS sapped be wicca hts 85 (189) 
storage «6s. AC: a Tieapre eye Minis ctw edate achat seW NA Ss 86 (194) 
Sawdust and sodas... yee eons WeeeW eRe eee 436 (31), 453 (107) 
classification of fire appliances.............+.. sevice’ 4325 492 (26) 


ee 
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SIA WES VAtItS  SETIEE CXTIOSIONS. a5 5 0.4 + 6 sid: ciorelsp = iepayrw, «Bisolefe oielarn: - 479 (80) 
Sawmills, automatic sprinkler efficiency.........2..seeeeeeees 478 (70-72) 
SSC RS ak ete tavern Sais ab Share Sa oie & x nie aielm <Tasare < wecesea's aseroie aria eens 264-66 
fat-ation: Gh attartik: AIG. oom mie nce. < sep dnls rela) s as shin e-0 482 (92) 
Senmenss fir, Moses | StaCks ate a's ae aces, oe wie, oom 51s. 57<eintae 8.016 Shel nina e215 ela - 53 (84) 
PETA CEs clio Araiiiic eraersieeiarem sates isielas s(aeis 71s lap inmeirde “ea ged 78 (164) 
Bate i IO WEES cet cks Site So Cae ee Sk a. oliate Sie mic. oeraoya nets 75 (159) 
THCUNOL Ves StACKS carps os 5 oe POS eed ere on +h aje echelon wie se 113 (271A—B) 
COATES SE a An easier OO SSE Oe COE Ie 93 (207) 
cy LTE: = oie beads oe 6's 0 lois ats re ee a 218 (17), 219 (21-23) 
MG EERLOUP SS 9. enc pia a's Ain oie Sioge nue chvierai“ sua oP aia ain aip) oisiia/ojeiee 8 114 (271E) 
SSCUDDERS we eine eecialete siete eienys Si anche tn serlanhngs Sesin) sisi 193,* 198 (33-35) 
National Board Building Code........--sessesceecsceees 186 (61) 
Watertite Drain and Scupper Company, Inc....-+-eeeeseeeeeee 829 
Scuttles, see Skylights 
Ree ee cree aaah, divine! a orale ain a, arms, oo npatas 9m e,/0le,@ouaisie Pmisiels ier 427-28 (101-05) 
Sears, Roebuck and Co., highest building, mill construction...... 191 (4E) 
Self-ignition engines. ........+2-cecee cece eee eee eee erccceece 67 (130) 
topical list of fire dangers........+..eeeseeeeeeeereeeeeee 128 (19) 
Self-inspection ..-..---ecceecc ccc ce eter er cceeceeesereeenes 654-55 (1-5) 
Blithe S 5 Ay noe sows te Sow nen ee ries aes Mdviele eles 655-57 * (6-9) 
A, ET as See TAO OTT ee OTE OC Fo ty Ae 557-59 
sprinkler leakage reports......++++-+-eeeeeerereeeees 492 (143-51) 
sprinkler valves. ....------+e-e cece cece eer eee nee crerens 488 (121) 
Sewell, John Stephen, Fire Resistive Construction........+++++0++ 164-89 
Sewers, precautions against explosions in......--++++eereereeee 100 (235) 
topical list of fire dangers......-++seseeeeeeeeereeeeres 131 (62) 
traps for inflammable liquids. ......--..eeseeeeeereeeeeeeeees Tey a 
Shade factories, see Window shade factories 
Shafting, fire dangers...--.--eeseeceere ee ereeneeeterneneserees 68 (137) 
topical list of fire dangers...+++eeeeeeeeereereeeeteeeees 128 (23) 
see also Belts : ‘ 
Shafts, inside buildings...-..-.+++++eeeeeereeeerereeees 202-05," (11-15) 
Tighe Ss wale cts oie:« OS IN Ge Ae PO A NR AT ae 205 (18), 217-19 (16-24) 
GAIL ee raid cele are vw o.s 0 ol .0 9 Aolp owiele ne maine ae apie 202 (12), 648 (26-27) 
Shaving vaults, construction......+++-eeeeseeeeerereees 63-65 * (114-15) 
topical list of fire dangerS...++++++eeeeeeerrerreeererees 127 (12) 
Sheathing ......-cccssenscercceccetceesserseseesveneserees 207 (23-26) 
Sheds, menace to adjoining buildings.........++++e+errsererees 209 (36) 
Sheet metal works, topical list of fire dangers...... 144 (119), 148 (132) 
Shelves, metal, David Lupton’s Sons Company....++errrrsrrresecees 819 
Shingles, wood....---s+eseceeeeeeteneeeerteerecees 217 (11-15), 671 (5) 
Shoe shops, topical list of fire dangers ..--++++erereeererrees 148 (133) 
Shut-off nozzles...... eee cece eee e nese tet etnenneeeseetencees 414 (76d) 
Shut-off valves, automatic sprinklers. .....-+.++eeesesereeees 492 (141-42) 
fuel oil, automatic.....-..0+eereereee esc eeeees 60 (101), 61 (105) 
Lalor Fuel Oil System C1; NN Se eee a CFT 836 


CIE «SOIC ITE COCO ICCC SRE.) CU LIOR ie ae 44 *-45 (45). 


890 Handbook of Fire Protection 


Page and (Paragraph) 
Shutters, over wired glass windows......... aoe Staite SEF 5 pase tagaiGagay 
tinclad, vs. wired glass.......cceessscceccsecsseees 244-45 (46-47) 
see also Fire doors 
Rolling shutters 


Siamese) COMMECTIONS +... solv o's lox lialetels ales clelecleceieeeds selec 356-57 (130-32) 
fOr * HOSE" WASOTS «11. /cia s/s ste lola ctatatelotal'= «Slate dlatete ol stal ties Stoees stem 294 (69) 
Signalinigy systems. ccc se Asc scc cad enodaedcaseceds ons sean 618-19 (1-3) 
protection against other circuits........ ro (11), 41 (35), 632 (48) 


see also Alarm valves 
Fire alarms 
Radio signalling apparatus 
Supervisory service 
Watchman’s time recording apparatus 
Signs, accident and fire prevention, Stonehouse Signs, Inc........-...+ 801 


«Nov Smoking, «im various languages... .. 0 soee sees sue owe bg hit 
Silica bulb sprinkler"headio sees «te cce cc ea cla wes cleee 501-02 (193-97), 775 
Sillantor fire) doorseer oo aa cleric ete toler es wee seceteiots 11 @20)) 227 Uh) 7 2s25 

American Abraswe Metal: Go... c.k xs sce wens ee wee stems te eee sete S2t 
Siig for stock carryin patelelatsiistala chelaetclel<leisielee Cac e oem es Patio aime 458 (126) 
Skylights wens Ase ced oses clccacceae ane ae wees 200 (1F), 217-19 (16—24) 

Davia Lupton’s’ Sons Company).mee e's vis's''ow sles wales se tere 818 

Fil. Robertson (Companyacstaete i rciars's nl castcloa Peewee eerie 828 

to replace ‘roof structures. .<<. 6206s. sss ceeceeeees eeenwaes 209 (35) 


Slabs, see Floor slabs 
Slow burning construction, see Mill construction 


PIHNOKeMEXPlOSIONS vc elvie cies epics i< ele vie oqrerste a ene te -. 158 (1-E), 162 (2H) 
Binokeproof  tOWErSife cialis croisicte'sivis.w «le sihete meeieers aw ste es eh 645-47 * (13-25) 
Smoking lofts tect eens caits eiets cs o Solus ewe ewe eels 111-113 (263, 266—70) 
“No Smoking  sign'... 2o. se oene cee eee ce tie cee ate oem ieiate are rr2* 
topical’ list or Are dangers..< sdvccics cece sac cce eee tee te 132 (72) 
Soda-acid extinguishers, classification of fire appliances................ 431 
engines On wheelSsn.nn<. ~~ acevo ce eee e ue 435 (21), 449 (84-86) 
hand “ee hit hence ae want Sem ReR ewe eT. 435 (20), 447-48 (74-82) 
manufacturers— 
Badger Fire Extinguisher’ Go. Cus. cso e es ea eee pee eee 804 
Diener,” Geo. W., Mrg. (Coss eoorte tees voacde cice eee veers 805 
Foamite:Childs Corporatiowae seem .ank owes eee tea eae ae 807 
Standpipe svstEriecdsds'<s couse swoon sets 435 (22), 449-50* (87-00) 
Soda and sawdust as fire extinguishers................ 436 (31), 453 (107) 
classification of fire appliances..... Ga 5 Sie NCR StI eee eee 431 
Sodium, spontaneous combustion. ..... 0.0... ccc cee ncs 104 (244), 119 (8) 
Soldering wrons, electrics cen. ees ee eewe cas RR hh Keo 3 +». 40 (33) 
Solvents, volatile, see Inflammable liquids 
Spanner,* Laborscacvacs tnt aac eens Wales ee cieect EUR RR SR RC 414 (76) 
Sparks. protection” against. .cvic «sp csist sete ou Pas, cle late Stleks et siete 162 (3E) 
see also Locomotive sparks 
Screens 


Special fire causes, topical list..... Votes savas suerte ee) IGFSR IN Ot oTeOn 
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Specific gravity of fluids used in the arts (table)............. seee- 738-39 


Spontaneous combustion: 02.0 0.6 oll. ccce ccs 103-06 (240-47), 119 (8) 
relative tendency of fats (table)............... Rs Sips eps tei wsneiaas 741 
topical list of “rey dangers 65 < onc oars 0.0.50 as Komisiels, soles ae SOS) 


Spread of fire, see Fire spread 
Sprinkler fire tables, National Fire Protection Association.......... 743-65 
Sprinkler systems, see Automatic sprinklers 

Open sprinklers 


OE =e ed ARS Ser ASE, Wer a en ea +++ 52-53 (80-84), 54* 
topical list of fire dangers... oe e ease e cence gtecsecmsnas 127 (8) 
see also Chimneys 

Starr jreads | S60 ae ream a eee Seicsiele sik Te} 
American Abrasive Metal Co.........-..0- SAS PR eee ae Rea te 

SE re ii = eee Oe States pater ie -. 13 (26-30), 648 (26-27) 
MNCIDSNTES pore oie ei ss oe Sita ctehrs a wie = eiee'e Biccele es cies 202-05 * (12-13) 
OUEEIEE seratg mie alors help ve aa ote ae nic ale si Also eins in ae 651,* 652 (30-32) 
AEAD: GOGESs xcrseiee ee slen.c beh ace ees 13 (27), 205 (16), 648 (27), 649 * 
see also Egress 

Standard Oil Company of New Jersey, develops Sealite.......... 427 (101) 

BIE aReLAC GD LAgY TOT ATIOUS e275 3 'e!> a0 vst 9 aise earn, 9. ae bree oie en sso O673=001" 

Standard Schedule for Grading Cities and Towns, cited.......... 271 (3) 

Simagipe., OL tower a Bate location... .2)50/s)cin\es v wis soya 9443, Feats 647 (13c) 

Standpipe and: hos@..< 3. 5-56 des. on 430 (1), 435 (19), 442-46 * (57-72) 
Sitar ae LY PIE AS MOATTEIN ct ow Ac tana “alin oa: ios: Is4s «13! a\e50/ 0°08 ae 433-34 (10-11) 
rE ee MOL ATE! (GO rorciecuciais ois, 8 a1p © oldie soo, docasiete sap ad bis ehele 809 

Standpipe sytem, foatt. <5 <5 00 o'evs cele 25 3's 431, 435 (27), 452 (97-08) 
MAMET oe ORE MRA ee cer ciohn ipa woos eie oun, 3) avin” a Ts 6.2 sia dins ayo oh< wis sistmanAAe ozs) 

SEM Td ON Br aft oP ECT OOROTICL SOP TE IOS ae Tr 8rr 
BOADPACHES o oidsice oo 6 clee sie be eee xels 431, 435 (22), 449-50* (87-90) 

“ Star’ ventilators, Merchant & Evans Co.......cececceccsccssevcers 820 

Gisrchedicl CXDIOSIONS. 2. 61sec oun ois visi ale atin ok 9 olor 9p. 2 0 107 (252), 478 (73) 

Starch works, automatic sprinkler efficiency..........-.+.+e+06- 478 (73) 
Ropical Vist Of five Gan gers. < oie epic 5.3 00 0.016 os 0 oe bie 0(6s.0 .anI42) Orso) 

Static electricity, as Accident Catise. 06.6 ove wceew 0s eta ogiocre wits 10 (10) 
elis nino ede. do ce'ssi cate. e.¢ PTET NS ET UE I Or he +. 67-68 (132-35) 
flowing gasolene...... A Ca ae ee ATO TO SP 257 (4) 
Harardseand: Precautions ssi oa ccce + <0ls ¢ fn wie o. ovenie si 41-42 (37) 

Steam boilers, see Boilers, and headings beginning with Boiler 

Steamenpines; frewdangerss .ciccas cecadeccars ss scicasies says e 65 (116-17) 
topical flistwof fire idangeras ssc aserses iss cds oe ete eee 127 (13) 

Steam fire pumps.......... aaists aoe laleyereinttee ae ves e wees 337-44" (96-115) 
National's Board ritles, sextractsij onc1 hha oto went dialect ee 344-51 
PUMP AZOVErNOLS..........s eens Ebene acevo 340,* 352-54 * (117-23) 

FishereGovernor ‘ConwiNestawrards's0 tized 0s. ve0e oaes 0 o%aicre 789 

National Board rules, extract8.20...3c..-csec ese 354-55 

ratinies fomiaiplex:, (tables, sam eeioteie nin oe(s aleratanid p< Ataataherehs aerators 724 
Steam jets as fire extinguishers...... ae cars epaulets 436 (32), 454-55 (108—10) 


classification of fire appliances......--.seeeeeeseeeee+ 439 (2b), 431 
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Steam pipes, fire dangers............ Naseid ane oy aon ee 72-73 (149-56), 74* 

topical’ list Of Mire (anger sits a:4/s14o avi oie + atte a ieee ee a 128 (26) 
Steam, traps) The—Fishef Governor COs sa «\s.0\0,0\s,01 4 saisigis = sole [ieee 789 
Steam tur pimierariven: PUNipss oles asic s.0isle clare po aalottatae Ay eee 369 (153) 
Steam vessels, dangers from mechanical ruptures........ 108—o9 (255-56) 


Steamer connections, see Fire department connections 
Steamers, see Fire engines 


Steen colanse, Of “Unprotectedias «0 crac, cla.ssicteleies oC. as eoeieae ee 194 (9) 
Pigs Lorit <a i]o) heh lean Or I EREAIMIOn Clic indo ee ne a ene 732-33 
minimum fire resistive coverings....... oie (oh aide ot cena aa 183 


see also Fire resistive construction 
“ Steelcrete reinforcing, The Consolidated Expanded Metals Companies 813 


Stirrups,ctechior Wrought 1fOU >. ~.< ores asie'a'cseisis ealaisi swine sineree isles 194 (11) 
Storage batteries, The Prest-O-Lite Company, Inc..........2.e0e0eeeee 843 
Storage’ battery. fam pss crcrereqais cree siaayerare aera )areserel are choke he ava a teterote ina 51 (71) 
Stores, see Department stores 

SLOVES PIPES sete ncaa icin. ae ae gerne Leis, slacers a2 siete aves) ote orotate ener ave aus Gicieharers 77 ~(b) 


Stoves, see Alcohol stoves 
Coal stoves 
Electric heating appliances 
Gas stoves 
Gasolene stoves 
Kerosene stoves 


Ranges 
Wood stoves 
Straw, spontaneous combustion: ..........ceceeees ache se <n veran, 103. C2aty 
STOTARE sc c are cctthe «eins Mare) cya) tha Aye wierare rs iS ee coe emt ae 86 (1904) 
Structural Defects, National Fire Protection Association pamphlet, 
CHOU. goes oS «0 eid civ AGheN ea car pede a tere re eee 208 (30) 


Structural improvements for existing buildings.................. 200-12 * 
Structural members, protection in fire resistive buildings.... 167 (11—13) 


SUUSHULILES LON) WOOO ctargisinns naive wcsis'a.u slow ous! eters re sharers’ Siete aera 210 (40) 
Suctions fOr re PUMPS sane s».sci.v.ch > weasels 342-44 * (106-115) 
CENEKL Ural pce sw Hemet wes ie IE 363," 364 (147), 368 (55, 61) 
National’ Board. cles. «0.x occ. su0-sis-0les esa ieis tes alee ae 350-51 
Sugar houses, topical list of fire damgerss <<< ion csee css sence -» 149 (134) 
Sugar refineries, topical list of fire dangers.........0..0--+eee0. 149 (135) 
Sulphohation, coal) tar derivatives. .. <c.«os welescilerteewene einen 122 (24) 
SITIO NU oye, 2 ack apie, oars iwuairbis wae PRMES (6 so eral arene) SME Meer emer nRroee eatvvo te Ge) 935 
Sulphuridioxide: for refrigeration. s.0<.<+.ssss seas esha eneets 102 (238) 
Stulphurte: acidsisi.ic cigs .d.nulpase Cele. 2.0. lk eRe Rs AMES: AMINES ae 118 (3) 
freezing characteribticsis 0... cca Dele wwwuc so Guan eiele 441 (55), 442 * 
Sunlight, fire dangers. <<< <a snyenis oi Mek ee atin eI ate 29-31 (6-8) 
topical list of, fire dangerdtcantesn ~o0urheeeeeus eo ee nas TLED) 


Supervisory service, automatic sprinklers... 483-84 (98-102), 486-88 (114— 
22), 559 (14) 
central station—American District Telegraph Company.......... 795 


ee 
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central stations, alarm valves. ........6.-.este cece ee eeees 559 (14) 
automatic sprinklers............0--+---eee- 484-86 (103-14) 
booster pumps.......-.....-- 371 (157), 373 (159), 463 (19) 
MEE G RAST a yale tee oe cic. ocote sine ole, are sinisiaisinl= 623-24 (26-27) 
meabelaned Woe stesso <a 5 cp oie ie's aap 2 str aes eee Pee 638 (52) 
Sweepings, storage and disposal.........----- 52 (78), 84,* 85 (185-86) 
SC witchbaardstet ass ds cce <a a= oars ene sss Sten Altace ebaeel- 34 (19) 
Switches, electric. ....... 2.22... c cee eet eee nee e ree eee ceens 34 (20-21) 
accident dangers....--.-.---- eee eect eee re seeeeeees 1o (7) 
Symbols for insurance mapS....----.-+e+eeee reer eres ce net eettes 673-80 * 
“ Sypho ” chemical sprinkler system Beate SET VICE Ab cee ieie sm ielnislors 606—09 * 
“ Automatic” Sprinkler Corporation of America.......-- Asie eT. 
Tr: 
"Tables bea cae eee ee Un once ee en 2010 Fe et RE eR A eR 686-737 
how to use them.......-..--ccecceccscececcsececes 681-85 (1-21) 
Tabor spanner. .....-----2-ceecc ccc c ee secste ese rse sees secenee 414 (76) 
Tagliabue flash point tester....--+++seesereeceereees asa 3 oAA 96 (215) 
Tanks, see Bucket tanks 
Dip tanks 
Fuel oil 


Gravity tanks 
Pressure tanks 


Pump tanks 
Tannery shops, topical list of fire dangerS.......+.- weaeoees 149-50 (136) 
Tar fuel, see Fuel oil 
Varpaulins, ~...- 22+ cece ecs cc csccnesescccerecces 295 (71), 458 (122-23) ~ 
Telephones as fire alarms...-.-+----++++++- 306-07 (101-02), 621 (11-12) 
Telltales barred for gravity tanks....--..--++er-ereesrrsterees 378 (166) 
Temperature records in Southern States, freezing (table).....-..--- = 7AZ 
Temperatures, range of GEADIE) 5 = Spoucket= oo aisle aster 2 <\np0)o es ne o.cicisisicivio 734 
Terra cotta, arches of.....-.. Fae By eee 173 (31), 174 (33-34) 
fire resistive coverings, amount required.....-.+++++s+rereeeee 188 
fire resistive efficiency......---- i ee da igh 168 (17), 169 (23) 
vitrifying temperature....----+eeeeeeeeeecer creer recente 169 (22) 
Mest gavesare seeds sada sien ss eset every tees 336-37 (93-95) 
Ge GS Gauige Counce tle seeks fe aeiofe «oi soir a's aes’ oa ine sinienin get sie 782 
Testers, flash point....--.+-+++--++reeeee bo AAO See Linn 1 96 (215) 
Testing, alarm valves....---++.e+eereeeersseserserrcsr tts 557-58 (9-10) 
automatic sprinklers..... BN chad ae 497-500 (169-89), 552 (81) 
for corrosion.....--.-- Se ecar ets eka a4 oh dips tad 495-96 (155, 157-59). 
dry pipe system....--++-+++eeeereees 577 (31-33), 580-83 (39-42) 
gate valves.....-----+++- Fe Oe ein CR 406 (53), 498 (174-75) 
Pipe ..----+0% rae ovale acetate ome Pec chr ECE GOGOL 398, 400 (32-35) 
water flow..... tee ere ies 3/6 isin, a> elects «cpuesay teva dieiee 498-500 (176-89) 
water supplies....... BUD oatgin alata o's wave's.0 3 316-21 * (40-60), 323 (64) 
Theaters ...-- ese Rss } er ere ee Fate ee .. 268-69 
skylights ......++++-- ee eee wars aig ete L644) 
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Thermometers, comparative table....-----+-+-esseeeeeerrrere 736-37 (42) 
Thermostats. 80h os sien cielees vos nt ce sce sauces siefes dim oee 627-28 (38-41) 
American Fire Prevention Bureau Inc....+-+--- Stepta lod one's ois 796 
PIL SEP ATION | cororare ie thapesarover aso: w/a tare: ee das'e vores eco\ai Fia\e\aientl © 630-31," 633-37 * 
tn) dWwellingSs6 «<teen 5s «0 eclesiese owine oe rise so siseern® 256 (24, 26F) 
Tie “rods, protection. .\./\.wie + ovo ca eeie sn siciciacls oe owen ened ssh > 186 (66) 
Timbers, floors, self-releasing......----++++eeeererereeeee 161 (2g), 193 * 
sizes for mill construction. ......-++-eeeeeeeeer reece 197 (27) 
roofs, sizes for mill construction.......-.-+++- eee wares << 198 (30) 
Tire heating torches...........--+seseeeeeeeeeereeces Savers Weck 63 (113) 
EE NCE MED, cctitiare tance role stavelesscerethnd. siete etait is sis aie S a) Aelsnla tame «snare aia 124 (30) 
Tobacco workers, topical list of fire dangers. ....-++-+-+++++++++5 150 (137) 
FRGIUIOL Reece oie or cioieres ais lola oteie sete Neale ages ole ile eT ere are 121 (18), 736 (41), 738 
Tool cupboards... ......20cccnccsecrcnescercesccccecceeceeces .. 88 (198) 
metal, David Lupton’s Sons Company...---+-++eeeeeerrers Senne ayOle 
Topical list of fire. caUSES..... 1. eee eee eee re teen eter e ee eees . I25-I151 
Torches (heating), alcohol........---+-ee eee cree rete eeeceeees 83 (182) 
BasOline ..c..cc ge cweccseesseseeesnosseessescteewssscecs 83 (180) 
eTOSEN Clee. a eae Tete eect atet lars che whe .g evere SB Teta a elerenenan 83 (181) 
oil burning, portable........... eee eee ee eee teen eee 62-63 (112-13) 
tire heating..........0 es cece esse cree etter er eeceerecesecs 63 (113) 
topical list of fire dangers.........+-+eeeeeee rece cere ees 130 (45) 
Torches (illuminating), kerosene. .....-...- ees cece eee e eee ees 51 (73) 
Towers, smokeproof........ sees cece etree eet tence 645-47 * (13-25) 
WALTER “a cise Gafeoneisiety gle s-<: <5 Sissy Sele e/sde Sie ore areas 292-93 (64-65) 
Tractors for fire apparatus. ........-. eee eee ee eee eee eeeee 291-92 (61-62) 
. Transformers, electric. ......-+ eee cece eee e ett eteeeees 35° (e2),* 36 * 
Trap doors, elevators........-se eee e eee e eter crete reer 12 (25), 205 (17) 
BEALE Seacranel> Sia) hale sisinie ete © ore nine 13 (27), 205 (16), 648 (27), 649 * 
Traps, steam, The Fisher Governor Co...... REI ee ee ee eee 789 
Treads, SAaletVscccc>- occu sens one sweet yceins uses sieuniss bivicies eure 221 (4a) 
American Abrasive Metal Company.........seseeeeeess 821 
BEALL codec iatre.vo bs weet SU 0.0.0.8 wien. Siew etree Ola atete a se erase Orecees 13 (26) 
Triangle Waist Company fire... 12.00. sees eee e eee e eee nese ee 11 (266) 
Trident—Protectus fire service meters...-.-+++++++++e-> 333 (86), 334* 
Neptune Meter Company... ..0-ssceeeeeceeeereterseceeeees 792-93 
Trinitrophenol ........ ccc eee eee e ener e eee e tees te sees tee etaees 124 (31) 
THINUTOCOIUOL] cc cc ce’s ca Mesias 6c. ewer ae oes CNGinte MATS GRE yee] etnte Te 124 (30) 
Trucks, ladder.....c.ccseesee rece e ces e ee eseeeccsceees 289-91 (54-60) 
Trusses, fire resistive coverings, amount required... eee eee oo awe 188 
Turbines, dangers from mechanical ruptures.......-+..- ro8—o9 (255-56) 
steam, driving centrifugal pumps. .......+-+ seer ee eee eens 369 (153) 
Turret nozzles. .... ccc cece cece cee n cece een ceeeese et pevesteees 293 (66) 
U 

Underwriters Association of the Middle Department, hydrant 

testing S€t.o.sccsccceesecssceneeneneas 316 (40), 317* 
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Underwriters’ Laboratories...........-.. melee Seen tele Shite sist eis 25-27 
approved devices, LACS Gel gees rea Se ACs See es OO 25 (s) 
building column fire tests..........--+eeeeseeeee- 183-86 * (56-58) 
electrical appliances approved... ....--..-eeseeeeeeeeees 33 (15-16) 
GPEADEL SELVA easiest otc wih a ave. uses oa) bone ldee. © ote Shald ate 296 (73), 410 (63) 
lightning protection inspections.......-+-+++es sere ee eeees 11s (280) 
roof covering classification.........--.eeeeeee reer eens 215 (7), 216 
safes and cabinets, requirements..........-+-+-+++ee+5 665-66 (18) 

“United States” alarm valve..........-.-ceeeec cece seecsccces ooh, S67 % 

* Universal” cast iron pipe, The Central Foundry Company....- « 784-85 

Vv 

Valuations, benefits Of. ...... 2. eee ee tee eee eee eect eee n ce eeees nists «x Su COD 
Manufacturers’ Appraisal Company, The.-------+++e+eeeerrees go00 

MWoalged prksoe coisas 2a 7 o 20 vo site oie om ncapinii = oiole «aii 012.7 0)s/83e,0'e i909 405 (49) 
accident dangers........-0.-cccccccccccccscecsecesercenes 14 (35) 
pecrete: 2. a ab eeclscices >= = 5, Ai Ee aE 388 (185), 389 

Valves, accident dangers. .......----- ee ce er eee e cect ereeceres 14 (34-37) 
friction Tosses (table)... 2-52.62. 000s cc cc ceva sec ccseosrces 690 (4) 
Nick autor soto ais fas scat get sac eee ee care sme o's 406 (52), 488 (120) 

Eagle Lock Co.......+e2ccccseceeerc cc rsseececenceesers 834 
manufacturers—Crane C0.......seeecccccc cece cs eseeteereee 786-87 
eer Lie cre Ye Saad conn Sagere riers 788 

Kennedy Valve Mfg. Co., Thé....++eseeeeeee 791 

Lalor Fuel Oil System Co......00++eeee++ 836-37 


see also Alarm valves 
Automatic sprinklers, valves 
Check valves 
Dry pipe valves 
Fuel oil, valves 
Gas pipes, valves 
Gate valves 
Safety valves 
Shut-off valves 
Valve pits 
Vapor proof fittings, electric lamps... .+++++eeeeeeerserrerers 38 (29), 39” 
Vapors, see Gases 
Inflammable liquids 


Varnish rooms, construction.....--sseeeeeeeereeees Made Hue. ave 2009) (27) 
Varnish works, automatic sprinkler efficiency.....+.-.++5 wee 478 (74-76) 
topical list of fire dangers....... Waahae a ee avs eele alu le sca ele stete 145 (122) 
Vaults, construction.....----.+eece cere cece cere reeeccees 662-64 (13-16) 
“ Steelcrete’’—The Consolidated Expanded Metal 

COMPANIES «000 civvc cele sc cescceceeessssveeesensors 813 

safe deposit......-.+-.++- Soin eA wo 3S, «totes wae 3.0 662 (11) 
WETSUS SALES: Ueie « hne quid e cre, ms Oe EC Ee. 664 (16), 668 (25) 


Vauits, sawdust, dust explosionS.......+++-++r+srees Pte 470 CSO) 
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Vaults, shaving, construction........+ccceceeees feeeeee 63-65 * (114-15) 
topical list of fire dangers....-.-.-++s-essecsesceces 127 (12) 

Vegetable oils, flash points (table).........--.. ee eeecee es ee reece eenee 740 
Wentilatorss oitiseviasteleistksloucierey ore eiacerarenoveres A SNES Se 218 (16), 219 (25) 
Mier chant ES Evans € 0.6.01 <\vici0;cso.s.s1e=:<jole a) 0 016/o elule a's as @ oem) erate 820 
Robertson, H. H., Company......ccecceccesccccccccsccccenccees 827 

to replace roof. structures... 2... 0... c cen succes sassncese 209 (35) 
Ceenturi BAlarM. ValV.E sic «6.000150 oi0.0 ie ee Aare eels ls am EMibiiale vila ele ee 56s 4 
MICEETS ice cece 4 sho s6 a ciclcle 601s o alae. eles arsjaldl sharia «eden den al at ieotre ee 330 (81) 
Vertical openings, dangers...........-.- Mo he 156-57 (1c), 201-02 (5-10) 
DLOCE CEO motel site o-aste hens Sena <2 (nJeleiainieee 200 (1a), 202-06 * (11-21) 

by witelelass ..yetues steerer els van ae Baie Sistas 204,* 243 (40) 

in, msl] “CONSELUCTION <)s,c wre. ons <p0'<) dimysior cio ale neseteie we emia 198 (31-32) 


Volatile solvents, see Inflammable liquids 


WwW 
Wagon works, topical list of fire dangers........-+.-+-s-00s de apes 136 (91) 
Walkways, -falls of material from. .. 6.1. 00sc00 cee cere nase wnnecee tr (16) 
Walla an Gers cies) aie ore o.o. ein sronvle arsias ole lao rstge lene <. ola eRaaere gta eeearaiae 194 (11) 
Wall openings, fire spread through..........eeceececeeccnececess 158-63 
PLOLEGEION «cic. ctateoyelsietersiete ofa) eaene, aire) Mists sister ae +s. 220-23 * (1-4) 
see also Fire doors 
Shutters 


Windows, protection 
Wired glass 
Wall plaster, see Metal lath and plaster 
Wood lath and plaster 


Walls, combustible exterior, protection. ..........++++eeee- veee 162 (3—F) 
conflagration ‘protection... . «.< q<<16ce «ee sat relentless 671 (8) 
FAULGLE Offs «cies aw ta eieels «ess Wore w aledre Statins © Dae aaieie Cie 162 (2-I) 
fire spread, around and iOVGr. «.o.<.<smwwnini wenien sine 158-59 (2C—D) 

through openings, see Wall openings 
Gunite Constructions, «ois 0:6 cis oob.ein-is wes 2 Wee tereh See tiere nate a - Aye Coed 

Cement-Gun Company, Inc... ...eveccceees igs cee salen TONG 
heat passing: throvighn.<.05,. ..whnmtes nests oS niles otha Shick ss - 161 (2G) 
Mill, MONSELUCtO Ms ia0 pose leiwssussvieivinge cise eR ays VRE STS ee 196-97 (13-23) 
thickness of brick. ........... 161 (2G), 162 (2-1), 196 (13-15, 20) 
thickness of reinforced concrete... ..cseesscecsssececewces 187 (76) 
Timbers: Lets Unis vjswrdotivie oie, «emesis nie nei Oe ee ee ee 197 (27) 
NU REE, p.o110, 055/04] vate ai, Mug tuys, ws NKS eae reone SIME Rb RaTe oe RniuvetS oe 157," 160 (18) 

Ward Island Hospital fire, metal ceiling. ..........scecvecsceess 208 (28) 

Warehouses, cotton, see Cotton warehouses 

Waste, clean, storage and handling................ 85-86 (190-92), 87 * 
dirty,, disposalwofs...0 aes stun tislescaiese meme mate 84,* 85 (185—86) 
Gilly’ My a: 0 siissiincerectespn Ne licts ww W/AUE EUR IAIN YS i Neel ee WROD genet 85 (188) 
topical dist,o£ fire dangers (aco. 6 sync cule eis 6 scene aoe 130 (48) 

Waste»cans, Geo. W. Diener Mfg.. Cou. tecavenuwe cae os inant 805 
national standard............. Salve where Sa esicrs ally) aia /wiayareis Bienerp sipeeaae 
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Watchelockes..c een to. os doekesio cd na Lek bows eeeOts te Bera ae 639 (54-56) 
Chicago Watchman’s Clock Co.......-.se00ee0 SRP RcTails 6 atsia's se OT 
BEG Clack: COMMON: ore ena as os nwie'r seis ocak aS ales ae sec Some vas) 
ET CAMS DME ONG ra chara IETS. 5 aid 6: Soha o.0.+ CANIS DROUIN a1 clase Sisc5iev 801 
Newman Clock Company, [tesn. <o<:sss «6552 = 65s Sa blerieg oss 35 803 
Wok ner GS gen d (a: Ae a er eee seregeeeatt ear fai 9) 
WW ate banainy (Stewie cos ~ dias Se a scle niorsisis sree 0. cies stato dale stare . 639-41 (57-69) 
et MP UIENINEIS Ss a rece cock cy'ns ek a in'as Snr nn Sarerarert sie'ae caldisiele,o te eX? 265 (8) 
WAketebantee Seabee Gaiam tert aig nrspnig tei oi minte maple Sins cote belles Sas 51 (70-71) 
Watchman’s time recording apparatus..............--+...+ 638-39 (51-56) 
American District Telegraph Company.........-...... SOR OueS 795 
Chicago Wi atthman s¢ Clock Ci.b anes nies ts Seti os 8 olele S00 aes FOF, 
Pee AAC CRP ONYs «rein piers vis = ciaisie.« olleisve:s <agoe eter ate sale. Ligcke 7 OS 
Hausburge, EF. O22 ogee. eee ates, iets cheitne sfetoie’s iets. 2 Saierete, aOR: 
dolises- abot Blectsse (COs TMG jones eat os a 'eis\s 005s siewias oe aa.e O02 
Wiens A OLR, hc OP PORY, LLCs ora 5:5: 0:0:0.016\0.4' 015 54s eo ele stares $ siete GOB 
Water, sicamage Of BoOors icine kjoems sie © 186 (61), 193,* 198 (33-35) 
heights to which pumps will elevate (table).............00% 725 (30) 
horsepower required to raise (table)............-00000. sats 25a 
preventing pollution of drinking...... L deve SHOE SiS 324-27 * (68-73) 
eiatie “pressure sor, (TAC). o2sis.c:0.5. «050 sella sees 26 Meelrasistele 730 (36) 
Water casks550-5..- Serwecte ee ote ee teins wintetoter 434 (16), 437,* 439 (44) 
classification of fire appliances..........eececececcees axel Aa 
Water curtains, see Open sprinklers 
Water damage, protection against.........0.eeeeeeerceeeees 458 (122-26) 
Water flow alarms, see Alarm valves 


Water flow tests.......... bi cAWR anes Stato a SErRG iso sits Lents 498-500 (176-89) 
Water mains, see Pipe . 
Water meters, see Meters 


Water pails- 5 ib..<\- mi a~clvece sss Sine nc wets coos o0t4g4- (14), 436-381 7—40) 

classification of fire appliances .e.o.0.0:0:0.0-0:0rc:cieslis soo 0105 sleloleee sires 431 
Water pipes, see Pipe 

Water power, fire dangers..........+.- Stel nord Rare Tete h See oe 67 (133) 

topical list of fire dangers.........se-ccercossvene Vouaaee T2820) 

Waters SUpDl yarns. .c alt ote eiles « last aisle seishlapiialgie wate 3.0 lelate oa 8 309 (1-2) 

CAP ACHEICS ee seks wokal ots okatNourierein sees dF o.oteiciel Bish ole 310 (14), 314 (25-28) 

automatic sprinklers. .......-0ccccccssevnves 311-12 (15-20) 

open sprinklers.........-eceesereecesrevece 313-14 (23-24) 

outside hose stream. ......0-eeececscecssseeces 313 (21-22) 

CO-OPETALIVE. 20.0.2 se cece cece essere cennensssssedsns « 390 (187-88) 

fire department connections.......-++.sseeeeeee 355-58 * (125-33) 

improper use of public water.......-- Nat gts ee Sile'dehesels' 320—30 (79) 

pressures, flowing vs. static........2++ceceeceeeeeeeeees 309 (3-4) 

pressures necessary.......-- fa. w be of tape crete, cise Mel AS 309-10 (5—13) 

testi weeded Giese «10,6 918 SOE ORO OOO ees 316-21 * (40-60) 

two sources needed.......... SAC oe Se 312-13 

types available... ......sseecsccewscseons Reece Je +++ 314-16 (29-39) 


see also Automatic sprinklers, water supply 


898 Handbook of Fire Protection 


Water supply (cont.) Page and (Paragraph) 
see also Gravity tanks 
Pressure tanks 


Pumps 
Reservoirs 
Water works connections 
Water's tOW els a erz« moe tee sii 45, cmrerasinieratamenre ars Pere seeee 292-93 (64-65) 
Water works COMMECtIONS. <<<, o.0,cravec.enejeieisyesyarors 321-23 (61-63), 335 (go—92) 
meeds OF tEStSiis<,0..46 Aes cvarater ae ta tose ok eit oxo, iatchadin A Hoe eRe 323 (64) 
ONEMWAVASUDDIIES -/e)14)a1eloi0o slolclexdiaxe etete 323-24 (65-66), 463 (18-19) 
pollution prevention. <.... 2 «+ a. «eles vicloins -etsiaiwietalera 324-27 * (68-73) 
pressures in American cities.........0.-+sseeeseeeees 671-72 (9-12) 
see also Fire Department connections 
Meters 


Water works systems, see High pressure fire systems 
Water works connections 


Wraterproohtio of Moors cas a0cesedaacc > -oene moe ete oer «190 (2G) 

Wraticins: ether ino stat to stars) Pate fo, ,csercrsyeieternorarass cers havein,= mich ate oleh alate se etal 630 * 

Weather records, freezing Papen in Southern states (table)...... 742 

Weave mills, topical list of fire dangers.............e2eeeeeeees 136 (90) 

Weaver, H. P.,. Protection of Records Against Fire...............- 660-68 

Welding systems, oxy-acetylene..........--2+eeeee- 48 (66-67), 49 (68d) 

Linde Air Products Company, -T hes << << o.0.¢sedecuuwe ee 841 

Oxweld Acetylene Corporation. .....6....6.ssccceceecess 842 

Prest-O-Lite Company, Inc., Tikes. se. cde 0k one sees ins Iees 

Wentworth, Franklin H., National Fire Protection Association...... 18-21 

wood. shingles, quoted :...0. «00 ms (ren de ae eins See Caen 217 (12-14) 
Western Factory Insurance Association, sprinkler head corrosion 

COSCS aerate kis, tisieraietameimaree sae sieeiae Seen 495-96 (157-59) 

AWwihistles: for rev alarits sinie, «<< sas vis.esicis sls witicwieieet ee eee airs 625 (30-32) 

WA te warshi Saitetciane < Mite hb Bebra swe eustaierss «aie ere ahs 200 (1E), 211-12. (46—48) 

POVErrmMeENt, FOrmMUlLS 00:0). 0:s10:e reise selaelgie lomeielehs wale MEM eN ere - 211 (47) 

Witdow=cleaning, GangerSar:«'ao.0s-0 epee 5 ana s7ke eAicly 6 <a x ee oe ene 12 (23) 

Window latches, automatic fire, James Peters & Son.......c. eee ceeeee 821 

Window) screens, spark protection. .... 1. ctinwes cece cuswuiens 114 (271E) 

Window shade factories, automatic sprinkler efficiency..........-- 497 (77) 

topical list: Of Nreidangers.icceraraneehienanseanes seit 150 (138) 

Windows; freuspread. Viasies esis s:0.00 own seiekiens 1s8 (1D), 160-61 (2E—F) 

HN TOOE SUTUCEU LES kes n s: «0: na, einrassceamcere) teenedsy eles ntetS wee. 218-19 (16-25) 

Metals. ucts daneuars Sieia. e's ¥ sade wrwlece be Ri eRe ie eee ete Gre + 241-43 (31-36) 

BPPrOVed . caduss on nev cee sce cute mes ceem eee eames beve 224-25 

David Lupton’s Sons. Company. ....cceccscceccwcncenesee 818 

MaXimtim. GUMENSIONS ew <5 6 wok eie waren ee eie ele aa Re Matas ai ae 

solid, steel. vs. hollow. metalwc siden csi. cement srs 245 (48-50) 

TOLECHOM aren tscsierieliaceitiol ea areieigeiers eae eens seeeese 240-46 (26-55) 


see also Shutters 
Window screens 
Wired glass 
Windsor Hotel fire........... Tec WAN SIOR a cian Wie inne telaieperetmrereronttmeye eee Linea Caan 
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Wing wall...... er ee ire ee ee ee Rentini Coan cies 157,* 160 (18) 
Wire factories, insulated, topical list of fire dangers......... poe 143) (ir) 
Wire lath, see Metal lath 
Wired: glassain ances acteisk bia nine as eos = Sw ne ms \ninls = re ee .. 242-44 (34-45) 
accident prevention valuc........ssceeeesee cee eenceececs + 12, (24) 
Te pie OR Sue | dk TEP Re ene 244 (44), 825 
GREROCE. <.3.- <accuie ois a eI = wre © aie Sisicie's siainin s)8ie a eee 244 (45), 824 
condensatiany cemoUdl. «ase Fe ohic Sas oe Se BS es ee oe eis 244 (45) 
corrugated ©. 7. Jo. - sos. ceo .- 213 (3-H), 214 (4-H), 244 (43, 45) 
jp 1 aE ee ne Fee On Och ena SO oranec 244 (42), 823 
fire resistive classification. .....-..+--eeee ee ee ee eee cere eres 224-25 
for openings on fire escapeS......- ees ee ee ee cece er eeeeees 244 (41) 
for protection of vertical openings..........+--- aae« 204,* 243 (40) 
for skylights .......-....+-+. G1 69 55 2B SR ea 8 218 (17), 219 (22) 
heat radiation through...........-+.---++-+--- 243 (39), 244 (46) 
manufacturers— 
Mississippi Wire Glass C0...-..+--0+-cesceeeerercece 822-23 
Pennsylvania Wire Glass Company.....+.-++-seeeees 824-25 
shutter protection. ..'<.2 62.2 slccce neers e tebe seecedes +» 242 (33a) 
BOGOR POLES cle a oaiaie oF alee ae ital alain ico (aisle «vn nie 6 sees 244 (46) 
tse in new buildings... 2.2.1. ose sse cnt woclewcctoeecece 155-56 (12) 
use vs. standard tin-clad shutters........--+--+++++-- 244-45 (46-47) 
Wired glass windows, David Lupton’s Sons Company.....-+++++++++ 818 
Wireless signaling apparatus.........-+s-seeeeeeeeeeee 41 (36), 641 (70) 
Wireless signals as fire alarms.......-.---++++++seeeeeeers 307-08 (103) 
Wood, fire retardant paints OM.....-+ssseeeee eee e eee eeees 210-12 (42-50) 
ignition pOint......++++-- eee eee eect eee tee e cere eeeees Cig eee 733 
AADALIETIEES. LOE si 'n.c Sieinia aieios ea -eoinig nie we ye ware 2 nceio po x islet 8 hee 210 (40) 
eat re ons coe ca ak eg A earn bial’ sise.0 otic, e x'e/lewieis 210 (41-42) 
Wood finishing, spontaneous combustion..........+seseeeereeee 103 (240) 
Wood lath and plaster, fire testS.....-.+---eeee cece cece cece renee 207 (26) 
Wood shingles..........--- Weee Ae aoe oculwas ate 217 (11-15), 671 (5) 
WO0d stovess...- ccc scccccevccdeccerccceseersnessarawions 76-77 (162) 
topical list of fire dangers...... Me pint ota eta edits sare ve ral ecole a.4 129 Kgo) 


Wooden cupboards, see Cupboards 
Wooden lockers, see Lockers 


Woodworkers, automatic sprinkler efficiency.....+--..++++++ 479 (78-81) 
topical list of fire dangerss.... 0... se see e eee e eee ences 150 (139) 
Woolen mills, topical list of fire dangers......-+++++ereereeees 151 (140) 
Wrench for hydrants.....-.+seeeeeesereeersrseeers VAOICODD, +» 414 (76) 
Z 
Zinc, corrugated..... eee alate ssid tags) cies aes oisie «+ 213 (3-g), 214 (4-2) 
melting point......-..eeee eee e eset tere teeter tence eee eens 732-33 
Zinc dust, spontaneous combustion......--..------ «2 104 (244), 119 (8) 
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The Best Appraisals 
For 


Reasonable Fees 


The Manufacturers’ Appraisal Company’s 
service in the valuation of Industrial Prop- 
erties is nation-wide in its scope. Our 
methods are analytical and scientifically 
dependable for determining amounts of in- 
surance coverage and proof of fire losses. 
Among our 10,000 clients are many leading 
industrial corporations, who have used our 
appraisals for insurance, financial and cost 
purposes. 


Our appraisal fees are based on a fair 
profit over the fair cost of services rendered. 
We are always prepared to state our fee for 
stated services. 


The Manufacturers’ Appraisal Company 


Executive Offices: 18 South 7th Street, Philadelphia 


Also at New York, Cleveland, Detroit, Pittsburgh, 
Chicago, St. Louis, St. Paul, Atlanta, Chattanooga 


Sa 


1792 


1923 


I31st Year 


Insurance Companyjof North America 
Philadelphia 

This Company, through its Improved Risk Depart- 

ment, is equipped to render property owners expert 

advice and assistance in the installation and main- 

tenance of sprinkler systems and the selection and 

use of fire prevention measures and equipment. 


Address any of the offices indicated below. 
IMPROVED RISK DEPARTMENT 


Home Office, 3rd and Walnut Streets, Philadelphia 


Western Department 
209 West Jackson Blvd. 
Chicago, Illinois 
Pacific Department 


223-231 Sansome Street, 
San Francisco, Calif. 


Metropolitan Department 
122 William Street, 
‘New York City 


Brokerage & Service Dept. 
122 William Street, 
New York City 


New England Dept. 
50 State Street, 
Hartford, Conn. 


Southern Dept. 
Trust Co. of Georgia Bldg., 
Atlanta, Georgia 


Canadian Dept. 
1 St. John Street, 
Montreal, Canada 


Field & Cowles 
85 Water Street, 
Boston, Mass. 


Cuban Department 
Aguiar 65, 
Havana, Cuba. 


The Oldest American Fire and Marine Insurance Company 


Founded 1792 
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